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FOREWORD

As part of the continuing program of unmanned exploration of space,
and to increase the effectiveness of the manned space program for exploring
the moon, the Jet Propulsion Laboratory of the California Institute of
Technology issued six-month study contracts to investigate the feasibility
of a small, unmanned, lightweight, remotely controlled roving vehicle to
be incorporated in the surveyor spacecraft to extend its data-gathering
capabilities on the lunar surface. Specifically, the study program was to
determine the feasibility of a 100-1b Surveyor Lunar Roving Vehicle (SLRV)
system in gathering sufficient scientific information by surveying the lunar
surface near the Surveyor spacecraft landing point to certify the area, in
terms of specific hazards, as a potential Apollo LEM landing site.

This Final Technical Report, submitted in five volumes, presents the
results and conclusions of the study program conducted by The Bendix
Corporation under JPL Contract No. 950656. The volumes are organized
to correspond to the specific objectives of the program: to conduct an analysis,
to generate a preliminary design, and to fabricate and demonstrate an engi-
neering test model in support of the over-all program objectives.

The results of Bendix's study show that the SLRV concept is not only
feasible, but can make substantial contributions to the unmanned exploration
of the moon in support of the manned Apollo program. The SLRV char-
acteristics, the problems, and the initial trade-offs have been determined
in sufficient detail to permit the definition of specific objectives and criteria
for a follow-on development program. Program conclusions and recom-
mendations are included in Volume V.
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SECTION 1
INTRODUCTION

This volume of the Final Technical Report presents the results of
the Phase I SLRV study program in accordance with two sections of Article I
of the Statement of Work of JPL Contract No. 950656, Modification No. 1.
Section 2 herein is in response to Section (a) (1) (ii) of the Contract, which
states:

"Prepare a preliminary design and system description for the

proposed configuration, which shall include, but not necessarily

be limited to, the following:

(A) Configuration, including all subsystems and instrumentation

(B) Weight breakdown, including center of gravity and moments
of inertia

(C) Power profile
(D) Operational sequence
(E) Ground operational equipment"

Section 3 herein is in response to Section (a) (1) (v) of the Contract,
which states:

"Analyze the performance characteristics and limitations of the
proposed design. '

I11/ 1 1-1
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SECTION 2
SYSTEM DESCRIPTION

The SLRV system is composed of the Lunar Roving Vehicle (SLRV) the
Surveyor Spacecraft modifications, the Ground Operating Equipment (GOE), and
the Ground Support Equipment (GSE). These elements are operated in con-
junction with the Surveyor Spacecraft, the DSIF, and the Centaur launch vehicle.

The vehicle is a four-tracked articulated design and is divided into two
main sections. The aft section contains the radioisotope thermoelectric gener-
ator (RTG), the directional antenna, and the odometer. The forward section
contains the electronic equipment, the penetrometer, the omnidirectional
antenna, the RF ranging antenna, the TV system, and four digital solar aspect
sensors.

In the stowed configuration, the vehicle rests on a set of mounting
brackets (hinges) in a near vertical position, constrained against a depressed
spring-loaded ejector. The mounting brackets are designed such that one set
is fixed to the Surveyor spacecraft structure and the other set is fixed to the
vehicle structure. These brackets serve as primary load carrying members
during the launch and landing operations and as hinges during the deployment
procedure.

The Lunar Roving Vehicle operates independently of the Surveyor space-
craft, communicating directly with the ground control station.

The steering capability is provided by differentially controlling the
speed of the four independently-powered tracks, and by an articulated structure
which pivots near the center of gravity. The power is supplied by a RTG.
The vehicle is designed to survive the environments of lunar night.

Provision is made for continuous transmission of telemetry data back to
the earth. The experimental information is obtained with a TV system, a
penetrometer, an inclinometer, and an odometer. Navigation is accomplished
by a dead-reckoning system. RF ranging supplies range information with
respect to the Surveyor. Vehicle travel consists of short steps in territory
examined by TV during vehicle stops. Steering is controlled from the ground
station, using an operator-directed, computer-implemented procedure.

I11/1 2-1



BSR 903

The ground operating equipment at the Deep Space Instrumentation
Facility DSIF) and Space Flight Operations Facility (SFOF) provides operation-
al control of the vehicle in locating and surveying potential landing sites, and
analysis and display of the data. The function requires several operators and
equipment subsystems.

2.1 SUMMARY OF MISSION AND SYSTEM REQUIREMENTS

The design presented in this volume satisfies a set of system requirements
which in turn satisfy a set of mission requirements. Both these sets of require-
ments are summarized here so that the relation of this volume to the over-all
report can be clearly established.

2.1.1 Summary of Mission Requirements
2.1.1.1 Landing Site Diameter and Acceptability

Measurement data shall permit the identification and location of 19
40-meter diameter certified landing points within a site having a diameter of
3200 meters and including the Surveyor touchdown point.

2.1.1.2 Certified Landing Point Spacing

Certified LEM landing points shall be a maximum of 528 meters
apart and nominally located at the apexes of contiguous equilateral triangles.
The center of the complex of landing points shall define the center of the 3200
meter site.

2.1.1.3 Landing Point Identifications

Three natural or artificial landmarks shall be identified within the
site, spaced no less than 1500 meters apart and located relative to each other
with an accuracy of 20 meters. FEach of the certified LEM landing points
shall be located relative to at least one of these landmarks with an accuracy of
20 meters. Orientation of the landing point pattern in lunar coordinates shall
be provided.

The landmarks must be identifiable by the LEM crew during descent
to the lunar surface from a slant range of up to 4400 meters and a minimum
depression angle of 299+ Artificial landmarks must retain their identifying
characteristics for a period of not less than one year.

2-2 I11/1
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2.1.1.4 Soil Bearing Strength Measurements

Measurements of the soil characteristics shall be of sufficient
accuracy to verify that the landing points have an equivalent linear dynamic soil
bearing strength gradient of at least 12 psi per foot for depths up to 50 cm at
impact velocities of up to 3 meters per second.

2.1.1.5 Slope Measurements

Measurements data shall be sufficiently accurate to verify that the
landing points contain effective slopes no greater than 12° over any area
greater than 10 meters in diameter. An effective slope is defined as the
general surface slope over an area too large for the LEM to straddle, plus the
combined effects of superimposed heights, depressions, and surface sinkage.

2.1.1.6 Protuberances

Measurements shall be of sufficient accuracy to verify that the land-
ing points contain no effective protuberances greater than 50 cm. An effective
protuberance is defined as the surface and subsurface relief within a horizontal
distance of approximately 10 meters which might cause the bottoming or tilting
of the LEM. Effective protuberances may result from single objects, such as
blocks, or complex combinations of heights, depressions,and surface sinkage.

2.1.1.7 Confidence in Acceptability of Certified Landing Points

The data derived from all measurements within each certified landing
point must provide a 0. 99 confidence that 100% of the landing point area satisfies
the acceptability criteria stated above.
2.1.1.8 Mission Probability of Success

The probability of achieving the primary mission objective shall be
0.50. This probability includes the launch vehicle and Surveyor Spacecraft
success probabilities and is applicable to a total of eight SLRV missions.
2.1.2 Summary of System Requirements
2.1.2.1 Landing Point Pattern

The desired pattern of certified points in the site is shown in
Figure 3-1 of Volume II. Terrain conditions may not allow the certification of

points precisely in the indicated pattern, but the pattern can be adjusted where
necessary with closer spacing between points.

I11/1 2-3
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2.1.2.2 Landing Point Spacing and Location Accuracy

Although the pattern of points may be altered to compensate for ter-
rain condidtions, the maximum allowable distance between any two adjacent
points is 528 meters from center to center.

All landing points shall be located with an accuracy of 20 meters (3 )
with respect to one of the LEM navigational aid marks (specified below).

2.1.2.3 Landing Point Diameter

Consistent with the above point location accurancy, the landing
points shall have a minimum surveyed and certified acceptable area contained
within a diameter of 40 meters.
2.1.2.4 Landing Point Identification

The SLRV must be capable of either locating and identifying natural
marks or emplacing three artificial marks to serve as navigational aids to the
LEM crew. The marks must have the visual qualities specified in Appendix A

of Volume II.

Minimum spacing between any two marks shall be 1500 meters. FEach
mark shall be located with respect to the other two with an accuracy of 20 meters.

2.1.2.5 Landing Point Certification Data

The landing point certification data requirements summarized below
are those derived to satisfy the soil bearing strength, effective protuberance,
and effective slope measurements specified in Section 2.1. 1.

2.1.2.6 Effective Protuberance Data

All surface discontinuities of 20 cm or more change in elevation
within the landing point shall be identified with an accuracy of 5 cm minimum.

2.1.2.7 Effective Slope Data
The system shall be capable of providing elevation, protuberance,

and bearing strength data so there is a 999% confidence that there are no effective
slopes of 12° or greater in a certified landing point.

2-4 III/1
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2.1.2.8 Soil Bearing Strength Data

Soil bearing strength is defined as the force per unit area that the soil
will support at a given level of sinkage. The test collected data should be capable
of extrapolation to areas larger than 0. 30 meter in diameter.

Measurements for bearing strength shall be taken at a minimum of 45
locations distributed over the landing point. The data measurement range shall
be sufficient to be correlated to bearing strength of 0.5 to 12 psi with a tolerance

of +20% within this range.

The depth of measurements shall be at least 50 cm unless a force of
12 1b/in” i{s encountered.

2.1.2.9 Mobility

The SLRYV shall be capable of traversing the surface models specified
in EPD-98, Revision 1, commensurate with a 0.5 probability of successfully
certifying 19 acceptable landing points and identifying or emplacing three marks.

2.1.2.10 Data Transmission

Data transmission shall be compatible with the DSIF capabilities as
specified in JPL Technical Memorandum No. 33-83.

2.1.2.11 Reliability

The SLRV system reliability shall be commensurate with 0.5
probability of successfully certifying 19 acceptable landing points and identifying
or emplacing three marks.

2.1.2.12 Physical and Environmental Contraints

The SLRV shall be compatible with the physical and environmental
constraints specified in Section 2 of Volume II.

I11/1 2-5
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2.2 SYSTEM INTERGRATION

The SLRV system has been designed to be compatible with the spacecraft
and environmental constraints delineated in the following documents:

1. Engineering Planning Document No. 98, Rev. I: "Requirements for a
Roving Vehicle for the Surveyor Spacecraft', Jet Propulsion Laboratory
Pasadena, California, 18 November 1963.

2. Technical Memorandum No. 33-83: ""System Capabilities and Developmert
Schedule of the Deep Space Instrumentation Facility', Jet Propulsion
Laboratory, Pasadena, California, 2 March 1962.

3. HAC Specification No. 235903, Rev. C: "Surveyor Basic Bus (2100 1b)
Payload Interface Requirements', Hughes Aircraft Company, El
Segundo, California, 21 June 1963.

The exploded view of the vehicle is shown in Figure 2.2-1. The system
block diagram of the SLRV is shown in Figure 2.2-2. The signal flow within
the vehicle is shown in Figures Z.2-3 and 2. 2-4.

The integrated system consists of defined items which can be represented
by the Hardware Trees shown in Figures 2.2-5 through 2.2-8. When the
functional organization of the equipment is considered the system can be
represented by the Functional Specification Tree shown in Figure 2.2-9.

2.2.1 SLRV Configuration

The SLRV configuration is shown in Figure 2. 2-1 and weighs 100 1b includi
Surveyor-mounted equipment. This vehicle has an aluminum alloy truss-type
structure. The truss network provides the interconnecting structure for the
articulated joint. the RTG power supply, the electronic compartment structure,
TV camera, antenna, and the attachment interface to the Surveyor Spacecraft.

The TV camera is mounted on the top of the vehicle structure on a
spring-loaded support mast. During flight this assembly is folded and latched
near the TV camera to a stowage fitting on the SLRV with an explosive latch pin.

The directional antenna is attached to the structure at the rear of the vehic
on a support mast. During flight this antenna assembly is folded and secured with
latch pins. A stored-energy power spring raises the antenna after the vehicle has
deployed from the Surveyor.

2-6 1I/1
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In order to facilitate deployment, the SLRV is hinged to the Surveyor
structure and compressed against the deployment springs. The spring latching
mechanism supports the vehicle to minimize the launch vibration loads. A
support, also provided for holding the SLLRV struts and tracks during transit, will
be removed prior to SLRV deployment. Deployment commands will be received
by the SLRV through an umbilical which is located near the deployment springs.

The mobility subsystem of the SLRV includes four traction drives. Each
track is individually powered by a traction drive motor. Differential
speed control of these traction motors is used for steering. The steering is
accommodated by an articulated body structure using a floating pivot.

The electronic compartment contains all of the functional electronics units
for operating the SLRV except for the TV camera. These electronic units are
packaged on the under side of the thermal plate which forms the top of the
electronics compartment. This plate is one of the essential elements in thermal
control. Also mounted in the electronic compartment near the center of the
vehicle is the penetrometer for making the soil me asurements.

Thermal control of the electronics compartment is achieved by the use of
special insulator thermal radiation shields, resistor heaters, and thermal
coatings.

Power for the SLRV is supplied by the RTG which is mounted on the back
half of the vehicle structure.

2.2.1.1 SLRV-Surveyor Compatibility

The vehicle has been designed so that thermal electrical and mechanical
interferences with Surveyor have been minimized. The vehicle lies within the
outline specified in the payload envelope except for an apparent interference in
area A shown in Figure 2.2-10. In this area, the clearance appears to have
been violated by approximately 2 in. at one point. Because of the lack of detail
of the Surveyor structural member positions, it is not altogether certain that
there is interference. The interference is between the vehicle directional
antenna and ejection support mechanism and the Surveyor cross structure
members.

2.2.2 Ground Support Equipment (GSE)

The integrated SLRV system requires a selection of appropriate GSE which
will function effectively with the vehicle and with the GOE. This GSE provides
for functional checkout, servicing, handling, and transportation activities in-
volved during preparation of the SLRV for launch. In addition, functional and
mechanical supportis provided for the installation and operation of the GOE.

I11/1 2-7
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The major items of the GSE system are listed below:
1. SLRV Functional Test Group
2. SLRV Transportation, Handling and Shipping Equipment
3. SLRV Servicing Equipment
4. SLRV Alignment and Calibration Equipment
5. SLRYV Pre-launch Checkout Equipment Group
6. Surveyor/SLRV Umbilical Function Test Set
7. Surveyor Deployment Mechanism Test Fixture
8. Surveyor Modification Shipping Containers
9. RF Ranging Transponder Test Set
10. GOE Functional Test Equipment Group
11. GOE Handling, Transportation, and Shipping Equipment
12. SLRV Simulator.
These items and their functions are discussed in Section 2. 15.
2.2.3 Ground Operating Equipment (GOE)

The GOE performs the functions of vehicle control, performance
monitoring, and collection and analysis of survey data when the SLRV is oper-
ating on the lunar surface. This equipment is selected in conjunction withthe
vehicle to provide adequate control of the vehicle and to facilitate the flow, use,
and storage of lunar data. This equipment will consist of only that equipment

necessary to support the existing and planned DSIF and SFOF facilities.

The equipment at the Goldstone Deep Space Station (DSS) will consist of
a Data Reconstruction Unit, a TV Data Processor, and a TV monitor.

The equipment at the SFOF will consist of an Input Signal Monitor
Console, a Data Reconstruction Unit, A TV Data Processor, a Vehicle System
Monitoring and Control Console, a Vehicle Control Console, Survey Control
Console, a Command Decoder unit, a Command Word Generator, and photo-
metric analysis equipment. Functional design information on the above equip-

ment is found in Section 2. 14.

I1I/1 2-19
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2.2.4 Vehicle Weight, Balance, and Power

The total operating weight of the vehicle is 91.87 lb. The stowed
total weight of the SLRV is 100 1b including Surveyor mounted equipment.
The SLRV uses a transponder and the transponder antenna on the Surveyor
Spacecraft for navigation. Also left behind with the Surveyor Spacecraft
will be the deployment mechanisms, the radiation heat shield, and the um-
bilical cabling. The total SLRV weight left with the Surveyor Spacecraft
is 8.13 lb. Figure 2.2-11 shows the location of Surveyor mounted equip-
ment,

Figure 2.2-12 shows the reference axes orientation used for the
center of gravity and moments of inertia calculations for the SLRV.
Table 2.2-1 gives a breakdown of the components on the SLRV in the operat-
ing configuration and the weights for each component. Table 2,2-2 gives
the weight breakdown for the components left on the Surveyor Spacecraft.

The location of the center of gravity has been calculated for the ve-
hicle in its operating configuration and in the folded-for-stowage configura-
tion, This information, together with the moments of inertia about these
center of gravity locations, is summarized in Table 2. 2-3.

The power furnished by the converter for each component of the
vehicle system has the appropriate voltage levels required by the indivi-
dual equipment units. This has been done to eliminate inefficient power
converters at each unit, Equipment and operational functions have been
chosen to maintain power consumption below the capacity of the power sub-
system. Table 2.2-4 shows the constant power requirements for each unit,
the maximum additional power that can be required by each unit, and var-
ious combinations of loads which cannot be supplied because the combined
load exceeds the supply. In Table 2.2-5 are presented in detail the power
requirements for each equipment unit specified by voltage level.

On the pad and during the earth-moon transit, the traction drive
assemblies, the TV, the transmitter, and various other units do not con-
sume all of the power generated by the RTG. In order to prevent over-
heating within the electronic units an energy dissipating resistor has been
added to the assembly. This resistor is situated on the deployment tie-
down and radiates to space.

2-20 111/1
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Figure 2.2-11 Location of Surveyor-Mounted Equipment
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TABLE 2., 2-1
SLRV COMPONENT WEIGHTS (OPERATING CONFIGURATION)
, Electronics (12.1)
Mobility Control 0.5
Reciever 1.4
Omni-Directional Antenna 1.0
Transmitter 3.2
Directional Antenna Elect. 0.5
Directional Antenna & Servos 4,0
Dir., Ant. Boom & Mech. 1.5
Navigation and Control 8.3
RF Ranging 3.5
RF Ranging Antenna 0.5
Inclinometer 1.0
Odometer 0.4
Sun Sensor Elect. 1.5
‘ Sun Sensor & Hardware .35
l Sun Sensor & Hardware .35
) Sun Sensor & Hardware .35
: Sun Sensor & Hardware .35
Data Handling (2.75)
; Command Decoder 0.25
Telemetry 2,50
’ Power Supply (24.6)
i RTG 20,9
Converter 3.7
: Experiments {2.6)
; Penetrometer 2.6
Television (8.45)
Camera and Motor 7.63
Camera Support & Mech, .82
Mobility (12.9)
Track 1 3.0
Track 2 3.0
Track 3 3.0
Track 4 3.0
| Steering Lock 0.9
i Cabling {4.5)
Thermal Control (4.50)
Thermal Box 2,25
Thermal Plate 2,25
Structure (7.424)
Body Half 1 2,85
Body Half 2 3.129
Suspension System 1 .720
Suspension System 2 . 720
Contingency 3.75
Operating Vehicle Totals 91.87

I11/1
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TABLE 2.2-2

SLRV FINAL COMPONENT WEIGHT (STOWED CONFIGURATION)

Units Weight
Spacecraft (8.13)
Deployment 3.63
Umbilical 0.5
Transponder 1.0
Transponder Antenna 0.2
Transponder Support 0.5
Coaxial Cable 0.5
Radiation Heat Shield 2.50

TABLE 2.2-3

CENTER OF GRAVITY AND INERTIA TABLE FOR STOWED
AND OPERATING CONFIGURATIONS

Center of Gravity (Ref. Figure 2.2-12)

X y z
Operating 39.58 -.026 6.89
Stowed 35.38 1.11 5.38
Interia About cg (slugs —ftz)
_I_)fi _I_YL_ L,z
Operating 3.62 3.76 3.78
Stowed 1.70 2.51 3.52
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2,2.5 RTG and Vehicle Integration
2.2.5.1 Thermal Interfaces

The radiatign design considered optimum for the RTG may impose
thermal control problems onthe other parts of the vehicle. During the lunar
day, heat must be dissipated from the instrumentation package, and thermal
radiation shielding is required. However, during lunar night conditions,
thermal energy must be supplied to the instrumentation package for tempera-
ture control, Thus, it is desirable to use the thermal radiation from the
RTG to satisfy this demand directly rather than using the electrical power
(which is limited in quantity) as a heat source.

During prelaunch, cooled air will be supplied to the shroud to
cool the SLRV. During transit, the RTG can dissipate heat to space after
the shroud is ejected which will occur approximately 3.5 minutes from
launch. A special thermal shield will also aid in protecting the Surveyor
spacecraft from the heat of the RTG.

2.2.5.2 Electrical Interface

The RTG is basically a constant power device, and serious per-
formance degradation can result to the thermoelectric generator if numerous
load variations are imposed. This does not preclude periodic load changes,
but radically fluctuating loads can cause detrimental thermal cycling of
the thermoelectric material. This is prevented by proper design of the
power converter and regulator. Another consideration in converter -
regulator design is to ensure that the generator is not open circuited for
long periods, since this will result in loss of Peltier cooling at the hot
junction with no current flow, In addition, the generator surface must
radiate a greater thermal flux, since no conversion to electricity is occur-
ring with an open-circuit condition.

The electrical interface between the RTG and the converter-
regulator consists of two insulated leads.

2.2.5.3 Power Integration with Subsystems
Subsystem integration involves the load requirements of all sub-

systems, the operation of the RTG and its control, and the operation of the
converter -regulator and its characteristics.
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2.2-5
)WER DISTRIBUTION (B)

Total Power

Fixed Mode Mode Mode
Load 1 2 3
1.13 1.13 1.13 1.13
0. 385 0. 385 0. 385 0. 385
1.1 1.1 1.1 1.1
1.338 1.338 1.338 1.338
0.52 0.52 0.52 0.52
(2.27)
---- --—- (2.02) ----
-—-- 6.05 6.05 6.05
R, 1.2 1.2 1.2
2.92 2.92 2.92 2.92
(+t18WAC) (+.18WAC) (+.18WAC) (+.18WAC)
1. 265 1. 365 1. 365 1.365
(2.215)
4.44 14.24 10. 44 10. 44
0.63 0.64 0.64 0.64
13.728
(+. 18WAC)
31.068 27. 268 27.268
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The converter supplies all the desired voltage levels to all the
information subsystems. The sources of possible interference are RFI
generation and line voltage modulation, Conducted RFI will be reduced
with filters on the converter input and converter outputs. This also re-
duces line radiation., A source of radiation RFI is the magnetic components;
these will be mounted within a steel container. Another source of inter-
ference between subsystems results from, modulating loads; each load
will be allowed a maximum line ripple voltage. Presently there are three
areas of concern: (1) the TV converter at 20 kcp, (2) the A/D converter
reference, and (3) mobility.

The area of interference due to momentary overloads or perman-
ent overloads is also important. The characteristic of the RTG and the
degree of overload may reduce the output voltages such that detection and
removal of the overload is very difficult, especially if the logic is also lost.

2.2.5.4 Mechanical Interfaces

The RTG is packaged on the aft section of the vehicle as shown
in Figure 2.2-1. When stowed aboard the Surveyor, it will present a
maximum area for radiation to space. It will also be insulated from the
structure of the SLRV aft section, This installation is shown in Fig-
ure 2.2-13(c).

2.2.6 Thermal Control Subsystem Integration

The thermal control on the SLRV is a passive system. This con-
trol is achieved by use of an insulated electronics compartment, thermal
radiation shields, and selective thermal coatings.

To obtain thermal control, the electronic package is insulated
from, but in close proximity to the RTG. The electrical heat dissipating
components are mounted onto the specially designed thermal plate of the
electronic package. The mounting plate is insulated from the rest of the
structure. The sides, front, rear, and bottom of the package have radia-
tion shields, and thermal coating are used on all the surfaces.
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2.2.7 TV Camera Integration

2.2.7.1 Mechanical Considerations

The TV must be mounted rigidly to the structure on the front of
the vehicle so as to look forward during running and be able to examine
the track tread at close range. Consideration of the structure design was
given so that the camera would be located 35 in. above the ground during
operationon the lunar surface and also be free to turn *200° in azimuth
and +15° and -45° in elevation.

In order to stow the SLRV in the configuration shown in Figure 2.2-1
the TV camera is mounted on a folding boom. The camera is erected by a
torsion spring upon command and released by a redundant explosion squib
actuator., The TV interface on the TV boom with the vehicle structure is
shown in Figure 2.2-14.

2.2.7.2 Electrical Interfaces

The electrical interfaces between the electronics compartment
and the TV subsystem consist of a cable of 50 leads. These leads are shown
in the SLRV electrical interface drawing (Figures 2.2-3 and 2.2-4).

2.2,7.3 Thermal Interfaces

The TV camera is physically separated fromtherestofthe SLRV
thermal control system. Therefore, the thermal control must be integrated
with the mechanical packaging of the TV electronics (Figure 2.2-15).

2.2.8 Structure Integration
2,2.8.1 Mechanical Considerations

The vehicle structure must be capable of supporting the other
subsystems under the environments specified in Specification HAC 239503,

Rev. C, Surveyor Basic Spacecraft.

The primary structure is a riveted aluminum alloy truss as
shown in Figure 2.2-13 (a, b, and c).

On this structure, folding mechanisms are provided for the

antenna designs. A folding and lock mechanism is also provided for the
TV support mast., These devices are shown in Figure 2.2-14.
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A locking device is included in the SLRV structure to align the
two body sections in three positions.

Support struts are provided for attaching the traction drive units
to the primary structure. The mechanical interface is shown in Figure 2.2-1,
The electrical interface with the tracks and drive motors is shown in the
electrical interface drawing (Figure 2.2-3).

2.2.8.2 Deployment Considerations

The deployment mechanism is shown in Figure 2.2-16. It consists
of hinging the SLRV to the Surveyor structure and holding it compressed
against a deployment spring by means of a squib actuated pinned locked
fitting, The support hinges attach to the rear of the SLLRV and to the Sur-
veyor spacecraft structure to take the major loads and provide a pivot for
deployment,

Provision for activating the deployment mechanism is made
through the SLRV-Surveyor umbilical connector. Upon receipt of the com-
mand, the squib actuator releases the pinned lock fitting and allows the
ejector spring to rotate the vehicle through its deployment arc. The single
action release will also separate the umbilical connection from the Surveyor.

The umbilical plug for the SLRV will be located adjacent to the
upper tiedown release fitting on the Surveyor Spacecraft frame. The
umbilical plug will be engaged by installation of the SLRV in Surveyor and
released by separation of the SLRV.

Present design calls for only six electrical leads in the plug—
four to control SLRV deployment and two for command and telemetry
signals. The deployment signals will be the on-off type to activate squib
circuits using power from the SLRV. It may be desirable for reliability
to add backup circuits using Surveyor power. The command and telemetry
leads would probably be shielded. It appears possible from the SLRV block
diagram to connect at a point between the SRLV telemetry processor and
transmitter, thus supplying processed signals through the umbilical to
the Surveyor for relay both during prelaunch on the pad and in transit.
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2.2.9 Antenna Integration
2.2.9.1 Mechanical Interface

The transmitting and receiving antennas are mounted on folding
booms to stow in the available envelope and provide the desired operational
height after deployment. These units are erected by torsion springs and
locked into position mechanically. The deployment command initiates this
action immediately following the erection of the TV by the delayed spring
of a redundant squib actuator. The directional antenna interface is shown
in Figure 2.2-17..

2.2.9.2 Electrical Interfaces

The electrical interfaces to the transmitting, receiving, and RF
ranging antennas are shown in the electrical interconnecting diagram,
Figure 2. 2-3.

2.2.10 Penetrometer Integration

The penetrometer is located with its bottom face at the 10.75-in,
ground clearance height and free from all obstruction. This unit is located
closetothecg to permit use of the maximum size head on the penetrometer.
The loacation is also selected so that the penetrometer measurements are
not made in the track path. Figure 2.2-1 shows the mechanical installation
of the equipment.

2.2.10.1 Electrical Command Signal

The command signal required to initiate a signal phase of opera-
tion of the penetrometer will be a 28-volt positive pulse with a time dura-
tion of 10 milliseconds or greater. Two other command pulses will be
necessary; one to provide an override signal to stop and retract the probe
during the operation cycle, and another to initiate the explosive charge
destroying the tube.

Voltage Requirements
The penetrometer mechanism required two voltage supplies

including one 28-volt supply for the DC motor and one regulated 6-volt
supply for the instrumentation and control circuits.
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2.2.10.2 Mechanical

The penetrometer package size is 5-1/2 in. wide, by 4-7/16 in,
deep,by 8 in. high. The penetrometer is designed to rest on the bottom
of the electronics compartment and to be fastened to the compartment top
plate. A 0.825-in. diameter hole must be provided in the bottom of the
compartment to permit passage of the probe tube. This hole location is
approximately on the centerline of the penetrometer package and near the
SLRV cg.
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2.2.11 Electronic Packaging Integration

Electronic packaging is covered in detail at this point, because
it involves elements of many hardware subsystems. The electronic
packages utilize micromodules for approximately 80% of all circuitry
to minimize weight and enhance reliability. Proven components and
materials are used throughout the design.

2.2.11.1 Electronic Compartment

The selection of the packaging for the SLRV electronics,
principally the telecommunications and television, has been influenced
by the severe weight limitations on the system. Thermal and vibration
requirements were also considered, but were not as significant as the

problem of weight control. The electronic circuitry was divided into
three groups:

1. Digital and low power circuitry
2. Analog and high power circuitry
3. RF or microwave circuitry.

Microminiaturization of circuits in the above groups is
progressing in the following hardware areas:

1. Solid state circuit modules of standard configuration such
as logic gates, operational amplifiers, etc.

2. Hybrid circuitry such as special thin-film deposition to
customers specification

3. Special connectors, wiring techniques, and circuit boards

4. Encapsulating and potting compounds - thermal control
surfaces and thermal insulation devices.

Using digital TV, PCM telemetry, and common modulation,
much of the SLRV circuitry is composed of low power level digital
components, principally "flip-flops.’ The logic switching rates are low,
so that frequency of switching response presents no problem.
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A study of existing micromodules or hybrid designs for the
SLRYV circuitry indicates micromodules presently available offered the
following advantages:

1. Reliability test data available

2. Permit flexibility of design since circuit changes do not
require major tooling changes

3. A high degree of maintainability
4. Less cost, development time, and testing time.

In some cases, a penalty in weight and size must be accepted
when using a standard design rather than custom or hybrid designs.
However, a weight analysis indicates that the penalty for SLRV is not
significant. A typical module is shown in Figure 2.2-17(a). This is a
Texas Instruments micrologic circuit. Five microcircuits are shown
welded together and potted into a module size of 0.5 in. x 0.5 in x 0.25 in.
Module leads utilize tapered pins interconnected into printed circuit boards
as shown in Figure 2.2-18 (a and b). The module will then be soldered to
the printed circuit board for unit assembly. The use of taper pins will
permit integration testing prior to soldering. Presently, TI logic
possesses the maximum ''design maturity', and extensive reliability
test data are available. The modules have been tested to 125° C which
exceeds the thermal requirements for SLLRV.

Approximately 75 to 80% of all circuits will use micromodules.
However, micromodules for many applications are not now available,
particularly for high frequency or power circuitry. Cordwood modules
will be used for these applications. Figure 2.2-19 shows a typical cord-
wood module. The same module size and form factor is used and the
monitoring on the circuit board remains the same.

2.2.11.2 Radio Frequency and Microwave Packaging

The telecommunication subsystem uses both VHF and UHF
circuitry. Since conventional coaxial fittings and components are large
and heavy, printed microwave circuit techniques for space application
result in size and weight reduction and electrical performance that
compares favorably with coaxial techniques. With this approach, the
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microwave printed circuit is of planar form; in many instances, an entire
circuit can be deposited on a single sheet of dielectric material. The
circuit performance of microwave printed circuits using "'stripline' is
discussed in Vol III, Book 2, Section 10. The incorporation of stripline
in the command receiver is shown in Figure 2.2-18 (a and b). The
receiver diplexer, filter, mixer, and local oscillator multiplier chain
also employ this design technique.

Stripline uses copper-clad laminate boards. It is necessary
that the boards have a high dielectric constant, low dissipation factor,
and excellent homogeneous properties. Also, a minimum coefficient of
thermal expansion is required, when 80 to 90% of copper from one side
of the laminate is removed. Copper clad sheets are now available with
thickness tolerances as close as ¥ 0.002 in. resulting in a uniform
dielectric constant. In addition, these sheets are available with a very
small loss tangent (Renoline P, for example, tan = 0.0001 at 10 kMc
making the design of narrow (1%) bandpass filters possible. In the case
where size reduction is a prime objective while circuit loss is relatively
unimportant (the varactor multipliers driving the TWT and hybrid),
materials with a wide range of dielectric constants can be purchased
(Stycast manufactured by the Emerson and Cunniry Corporation,

E (range) = 3 to 25).

The fabrication of the printed microwave circuit is accomp-
lished by photographic methods. The desired layout is drawn on mylar
at an enlarged scale (up to 4 to 10 times actual size). A tolerance of
0.002 in. is maintained on the master art drawing. The circuit is then
transferred to Ruby Studnite, a lacquer-coated mylar base film for use
with ortho-chromatic film. Utilizing blades, the circuit is cut away from
the Ruby Studnite, leaving an oversized circuit negative. The circuit is
then photographically reduced to actual size for etching. A light-sensitive
acid resistant material is sprayed on the sheet, and the circuit image is
transferred from the printing negative by exposure to an ultraviolet light
source. The printed and developed sheet passes through a ferric chloride
etchant that etches copper not protected by the acid resistant material.
The etched circuit is then cleaned and the printed board gold plated.
Gold plating provides good surface electrical conductivity and a protective
finish. An example of a microwave printed circuit and the packaging
techniques is shown in the photographs, Figure 2.2-20. Photograph B
shows the stripline for a missile receiver. The ciruit includes diplexing,
filtering, and ultra-sensitive video detection. Note the indrum sealwire
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[

(B) For Missile Receiver

Figure 2.2-20 Examples of Microwave Printed Circuits
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protection against RF1I leakage surrounding the package and various
circuit cavities. Photograph A shows the printed circuit from the DPN-61
Radar Homing System. The circuit incorporates the diplexing, bandpass
filtering, low pass filtering, directional coupler, micro min, video
detectors, isolated DC return, and maximum environment packaging
concepts.

2.2.11.3 Electronic Functional Unit Assembly

Figure 2.2-18 (a and b) show an electronic functional unit
assembly. High heat dissipation elements of the unit are mounted directly
on a thermal heat sink or plate. This plate, in turn, is mounted on the
electronic compartment thermal plate (see Figure 2.2-21 (a and b). After
assembly and checkout, each functional unit (transmitter, receiver,
command processor, etc.) will be potted with an epoxy foam resulting in
an integral unit not susceptible to shock and vibration.

2.2.11.4 Electronics Compartment Final Assembly

The electronics compartment consists of a thermal control
surface to which all electronic functional units are mounted. A thermal
box with super-insulation completely encloses the four sides and bottom
of the electronics compartment. (See Figure 2.2-21 (a and b). The
super -insulation material is manufactured by Union Carbide, Linde
Division, and consists of multiple layers of aluminum foil. A similar
technique is used on theTV subsystem described elsewhere. The
insulation on the electronics compartment isolates the compartment from
the rest of the SLRYV structure and permits all thermal control to be
accomplished by the design of the thermal plate.

Interconnection between functional units in the electronics
compartment will be made by a multiple layer tape cable harness. This
cable harness will be either soldered (or, perhaps welded) in place at
each functional unit.

When the interconnections have been made in the electronics
compartment, the compartment could be potted with a low density epoxy
foamr to reduce the 'oil canning' effect. The use of over-all foaming is
optional, depending on weight, vibration, and maintainability trade-offs
during Phase II.
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2.2.11.5 TV Electronics Packaging

The TV electronics package consists of four functional modules
and an interconnection matrix:

1. D/A converter and deflection amplifiers

2. Encoder, sync generator, two bridge amplifiers

3. Robert's generator, H and V sweeps and controls

4. Power supply, video amp, threshold and gain controls
module

5. Interconnection matrix.

Each module is completely functional and can be tested inde-
pendently of the other electronics.

The technique employed in the packaging of the TV electronics
is rather unique in that it incorporates the flexibility of printed circuitry
with the option of soldering or welding. The electronics will be comprised
almost entirely of integrated circuits from several major vendors, viz.,
Signetics, General Instrument, and Texas Instrument. These micro-
electronic packages all have a common lead breakout of 50 thousandths on
center. This feature of the components permits the proposed packaging
concept; i.e., the printed circuit laminate consists of a base material
that has been perforated with 25 thousandths square holes over its entire
surface prior to lamination. This concept is shown in Figure 2.2-22.

The printed circuit is designed around the grid structure. After
the circuit is etched, a tool made to the shape of the individual microcircuits
that will be employed is inserted in the grid structure which turns up the
end of the etched circuit providing a 25 thousandths tab on the conductor's
side of the printed board. The component leads are preformed to fit the
grid structure. The components are installed and the 1eads soldered or
welded to the 25 thousandths tab.

Circuit functions that consist of more than one etched circuit
board will be joined by riser wires inserted in slots around the outer
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periphery; this technique will provide a lightweight means of interstage
interconnections and also a means of using voids caused by irregular
shaped components. Layouts of the etched panels are such that protruding
components will intermesh with voids on the adjacent panel. This will
reduce considerably the over-all package volume.

Each functional etched panel assembly will have a flat ribbon
type etched cable attached. This will provide an efficient means of per-
forming electrical tests at module level and also prevent damage due to
probing or attachment of leads during test (Figure 2. 2-23), At the final
integration of the electronics into the camera structure, the ribbon cables
will be attached to a wiring matrix. This lightweight matrix is located at
the rear of the vidicon tube providing easy access for wiring. This con-
cept eliminates the need for connectors or interstage cabling, enhancing
the over-all reliability while reducing the weight considerably.

The module size and configurations were selected so as to ob-
tain the maximum use of voids caused by irregular shaped components in
the camera, such as the optical trains, vidicon, drive and control motors,
which have restrictions in placement due to their mechanical functions.
This technique not only offers minimum over-all volume and minimum
weight, but also provides a variable means of compensating weight and
balance enhancing over-all system flexibility (Figure 2.2-24).

Module Temperature Control Considerations

Large areas of conductor foil will be retained adjacent to
high heat dissipating components and will extend to the outer edge of the
etched panel boards. The etched panel boards will be inserted into a
slotted metal structure providing a low resistance path for heat transfer.

Moisture and Handling Considerations

After inspection, the assembled modules will be covered
with a protective coating that will provide a moisture barrier, mechanical
bond, and an improved thermal path. It will also prevent contamination
or damage due to handling. This technique is presently being used by
Raytheon on modules that must be tested under extreme conditions prior
to potting. By applying several layers of this coating, subsequent potting
operations can be completely eliminated providing further reduction in the
over-all weight.
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2.3 MOBILITY
2.3.1 Description

The preliminary design is a four-tracked vehicle with symmetrical
floating pivot articulated body. Steering is accomplished by differential
speed control of the traction motors. The tracks are individually
powered at the rim.

The drive mechanism utilizes a hermetically sealed DC torque
motor attached to a nutator transmission.

Subsystem preliminary design parameters and characteristics
are summarized below:

1.  Vehicle Arrangement:

No. of tracks - 4

Floating pivot articulated chassis
Track base - 30 in. (center to center)
Track span - 25 in. (center to center)
Under carriage clearance - 10.75 in.

oo

2. Tracks:

Tracks consist of a prestressed metal rim, covered with
a foamed silicon rubber tread, wrapped on one powered wheel and one
idler,

Tread width - 3 in.

Powered hub diameter - 5 in.

Idler hub diameter - 5 in.

Length between center of idler and power hubs - 18 in.
Preformed radius of rim - 3 in.

Tread thickness - 1/4 in. (not including metal rim)

Mo oo

2.3.2 Steering and Mobility Control

Steering will be accomplished by relative rotation of the two
vehicle segments about a floating pivot point and executed by means of
torque developed by differential speed control of the traction motors.
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Other characteristics follow:
Mode of Control - "bang-bang"

Steady-state steering conditions - (a) straight ahead
(b) hard right
(c) hard left

Vehicle nominal turn radius is 60 in. to the center of body.

A lock mechanism has been provided in order to lock the
vehicle in the straight ahead, hard right, and hard left positions.

The control requirements for the SLRV traction drive
mechanism (TDM) have been established as follows:

1. Each TDM shall be capable of operating up to a torque
limit of 220 in. -oz. At this torque, the TDM will be automatically
shut down, and will require an earth command to reactivate it.

2. The sum of the powers being consumed by the four TDMs
will be limited to 8 watts. If the 8 watt total is exceeded, the vehicle
will be automatically shut down and require an earth command to
reactivate it.

3. Figure 2-13, Section2, Book 2, shows operational conditions of SLRV
TDMs. The control system will provide for three constant vehicle speeds
which may be commanded from the earth. These speeds (referred to
as Ny, Ny, N3) are as follows:

Normal operating speed of SLRV when it is on flat and relatively
smooth surfaces, or up slopes on hard surfaces. Highest speed of
steady state turn.

N2 = 0.105 mph

Alternative operational speed for rough surface operation.
Lowest speed of steady state turn.
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N, = 0.03 mph

3

Creeper speed for climbing large obstacles.

Mobility control will consist of vehicle sensors, logic, and
power control electronics to control individual traction motors and the
vehicle steering lock. The input and output requirements of the
mobility control subsystem are listed below:

A. Earth Command Inputs to Mobility Control

1. Forward 7. Speed
2. Reverse 8. Abort Track 1
3. Stop 9. Abort Track 2
4, Straight 10. Abort Track 3
5. Right 11.  Abort Track 4
6. Left

B. Vehicle Feedback Inputs
1. Vehicle Speed 6. Speed - Track 2
2, Straight Ahead 7. Speed - Track 3
3. Hard Right 8. Speed - Track 4
4. Hard Left 9. Steering Position
5. Speed - Track 1

C. Outputs from Mobility Control to Power Transmission

Direction - Track 1
Direction - Track 2
Direction - Track 3
Direction - Track 4

Power - Track 1
Power - Track 2
Power - Track 3
Power - Track 4

YU SR
o~ o~

D. Outputs from Mobility Control to Telemetry
1-4 - Abort Track 1l, 2, 3, or 4
E. Outputs from Mobility Control to Vehicle Chassis Lock

1. Lock 2. Unlock
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2.3.3 Traction Drive Mechanism

The traction drive mechanism includes a DC torque motor and
nutator transmission. A decoupling mechanism is included to provide
"free-wheeling'' capability in the event of failure. Also, velocity
feedback provisions yield information to the steering arrangement.
Lubrication and thermal design are tailored to the lunar environment.

The overall traction mechanism shown in Figure 2. 2-16 (a and b)
is comiprised of the following elements:

1. A low speed, high torque DC commutated motor (Inland
type-1321).

2. A nutator transmission with a gear reduction of 87/1. The
flexibile member of the nutator is a bellows which also acts as a
hermetic seal.

3.  The structure of the traction drive contains the support
bearing for the track rollers and a shield to protect this bearing and
the final gear from dust or other contamination.

4. Interposed on a nonrotating member of the nutator drive
is an explosive actuator which, when excited from an external source,
will permanently decouple the output member of the transmission from
the drive line.

5. Braking or parking capability is inherently provided by
residual friction torque in the DC motor and transmission reflected
through the over-all transmission ratio.

6. The hermetic chamber is pressurized with an artifical
atmosphere (approximately 1 psia), and all members in this chamber
are prelubricated. The pressurized gas will also function as a thermal
conductor to improve heat transfer characteristics.

7. The final reduction gears and bearings are lubricated with

Versilube G-300 silicone grease; they are also treated with dry film
lubricants.
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2.4 STRUCTURES
2.4.1 Description

The primary structure meets the objectives of reliability, high
strength-to-weight ratio, and maximum structural damping. The
structure is a tubular truss made primarily from 2024-T4 aluminum.
Square tubing is used throughout to facilitate mounting of equipment.
The tubes are joined by riveting, rather than welding, to increase
the structural damping. Figures 2.2-13 show the over-all structure
design.

2.4.2 Material Studies

Materials for the vehicle structure have been selected primarily
on the basis of strength-~to-weight ratio and fabrication ease. As
stated previously, aluminum has been selected for this purpose. To
avoid the possibility of cold welding in the floating pivot, a coating of
aluminum oxide will be used on the circular segments against which the
joint straps are resting. Teflon or other similar materials may be
substituted for the aluminum oxide if this appears desirable based on
cold welding studies now in progress.

- -
Lo D DEPLOLW 24N

The deployment subsystem (see Figure 2. 2-16 (a and b) performs
the following functions:

1. Supports the SLRV within the Surveyor during transit, within
the prescribed volume and the cg location, with minimum modifications

to be basic Surveyor bus.

2. Provides a thermal radiation shield to minimize radiative
heat transfer between SLRV and Surveyor.

3. Provides auxiliary support for the SLRV struts and tracks;
this support will be removed on command prior to deployment.

4. Deploy the SLRV on receipt of earth command.

5. Release the tiedowns of the TV camera and antennas which hold
them in the stowed position during transit.
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The SLRV deployment sequence after Surveyor has landed on the
moon is as follows:

1. Unfasten the strut tiedown mechanism and TDA locks. The
mechanism will fall free of the SLRV and Surveyor.

2. Disconnect the upper two connectors; vehicle will then be
forced by springs to rotate about lower support hinge. The vehicle will
disconnect completely from the Surveyor at a nominal position of 30°
between the x-axis of SLRV and the local horizontal.

3. Concurrent with 2. above, the steerable antenna will be
disconnected at the tiedown and then will partially erect prior to the
vehicle contacting the lunar surface.

4. Disconnect the TV tiedown and whip antennas tiedowns.

5. Under certain conditions, the vehicle has to be moved a
minimal distance (on the order of 1 meter) away from Surveyor before
completing erection of the steerable antenna. The vehicle is now fully
deployed.

2.6 FOLDING AND ERECTION MECHANISMS

Due to stowage space limitations and severe vibrational environment,
it is necessary to fold and tie down such items as the TV camera and
steerable antenna during flight and then release and erect them after
lunar landing and SLRV deployment.

2.6.1 TV Camera Erection and Support Structure

The TV camera subsystem connects to a support mast which
attaches to a spring-loaded pivot joint positioned as shown in Figure 2. 2-1.
The structural requirements demanded by the LRV acceleration,
vibration, and thermal environments are satisfied by a camera mast
of 23/8.in. diameter 0.005-in. gauge stainless steel tubing about which
is wound a 0.025-in. thick layer of phenolic fiberglass.

During flight this assembly is folded and latched near the TV

camera to a stowage fitting on the SLRV. When the explosive latch pin
is withdrawn, the power spring in the pivot joint raises the camera mast
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with a spring rate of 12 in. -1b/rad. The spring is preloaded to an angular
deflection of 65°. This stored energy will accelerate the camera mast

to a velocity of 3 rad/sec at the erected position. Once the erected
position is obtained, a locking mechanism prevents further motion. The
3 rad/sec angular rate does not create enough torque to upset the SLRV,

2.6.2 Steerable Antenna Erection and Support Structure

The antenna support mast must be capable of surviving the
SLRV acceleration and vibration environment. This is accomplished
by a 0.016-in. thick aluminum tube 1 inch in diameter wrapped with
0.030-in. thick phenolic fiberglass. The support mast is attached to
a pivot at the rear of the SLRV at one end and to the housing for the
antenna roll gimbal drive mechanism at the other. During transit
to the moon, a tiedown lug attached near the antenna center of mass
connects to the vehicle. A cradle-bracket at the top of the vehicle
confines the lateral motion of the mast while stowed. Vertical motion
is minimized by pre-loading the mast in the stowed position. A spring
mechanism raises it to the final position in a two-step sequence. At
the final position, a positive lock secures the mast.

As the SLRV leaves Surveyor, the antenna will be partially
elevated and stopped near the top of the vehicle. Delaying full antenna
deployment with the intermediate stop will prevent damage to the
antenna which could occur if the vehicle landed with the antenna in the
stowed position; it also eliminates the possibility of antenna damage
due to striking Surveyor. The tiedown lug and the intermediate stop
will be secured with explosive latch pins. When these latch pins are
withdrawn, stored energy in the power spring (8 in. -1b/rad., preloaded
309) will raise the antenna.

To avoid excessive momentum from overturning the vehicle,
a snubber has been added to dissipate energy over the last 5° of travel.
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2.7 PENETROMETER
2.7.1 Description

The penetrometer subsystem is shown schematically in Figure
2.2-16 and physically in Figure 2. 7-1. The heart of the penetrometer
mechanism is a preformed, longitudinally split, thin-walled tube which
is flattened and rolled on a spool for storage with a minimum expenditure
of weight and space. The conical penetrometer point attached to the tube
carries a load cell to measure the force required to drive the probe into
the lunar soil. The penetration depth is measured by recording the amount
of tube which is payed out at any point in the penetration process. The
penetrometer has been designed in accordance with the SLRV design
requirement to measure force versus penetration to a depth of 50 ¢cm in a
soil having a gradient of 8 psi per ft.

The tube is driven by a set of friction drive rolls which are powered
through a spur gear train by a small permanent magnet DC motor. The
tube is stored in its flattened state by winding it on a tube storage drum
which is tensioned by a negator motor drive. The payout of the tube is
monitored by an angular potentiometer which senses the rotation of the
tube storage drum. A worm gear is employed to reduce the angular
rotation of the potentiometer to less than one turn for the entire travel
of the tube (i.e., 76 cm). Cams mounted on the worm gear activate limit
switches which control the extended and retracted positions of the penetro-
meter probe. The lead wires to the load cell are stored on a second drum
also driven by a lightweight negator motor. The penetrometer operates
upon command with automatic controls to limit extension, retraction, and
overload. An overload limit switch mounted in the load cell reverses the
motor and retracts the tube in the event that a 10-1b penetrometer load
is exceeded.

2.7.2 Operation

Upon receipt of the appropriate command signal, the penetrometer
mechanism will be activated, and the probe tube will be projected from
the vehicle and into the soil. As the probe penetrates the soil, the load
cell will sense the point of contact, and the payout potentiometer will
record the depth of penetration. At a depth of 20 in., a limit signal is
generated which automatically withdraws the probe until a second limit
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signal is generated and the probe stops within the envelope dimensions of
the mechanism. A safety factor in the form of a predetermined load setting
is provided within the load sensing point to withdraw the probe in the

event of an overload so as to prevent damage to the probe or tipping of

the vehicle. The rate of penetration and retraction will be 1/2 in./sec.

2.7.3 Interface Definition

The following interfaces exist between the penetrometer subsystem
and the SLLRV or the ground control station.

2.7.3.1 Command Signal

The command signal required to initiate a single phase of oper-
ation of the penetrometer will be a 28-volt positive-going pulse with a
time duration of 10 milliseconds or greater. Two other command pulses
will be necessary; one to provide an override signal to stop and retract
the probe during the operation cycle, and another to initiate the explosive
charge destroying the tube in case of hang-up.

2.7.3.2 Voltage

The penetrometer mechanism requires two voltage supplies:
one 28-volt supply for the DC motor, and one regulated 6-volt supply for
the instrumentation and control circuits.

2.7.3.3 Mechanical

The penetrometer package size is 5-1/2 in. wide by 4-7/16 in.
deep by 8 in. high. The penetrometer is designed to rest on the bottom
of the electronics compartment and be fastened to the top plate of the
compartment. A 0.825-in. diameter hole is provided in the bottom of the
compartment to permit passage of the probe tube. This hole location is
approximately on the centerline of the penetrometer package and near the
center of gravity of the vehicle.

2.7.3.4 Data Transmission
The load and displacement signals generated by the penetrometer
are sampled at a rate of 21 readings per second for each analog signal.

The required accuracy for data transmission is 1/2 of 1 percent for both
analog signals.
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2.7.4 Physical Characteristics and Constraints

The physical characteristics of the penetrometer subsystem shall
be as follows:

2.7.4.1 Size

The maximum envelope dimensions for the penetrometer and
related electronic equipment shall be 5-1/2 in. x 4-7/16 in. x 8 in.

2.7.4.2 Weight

The penetrometer weight as a design goal shall not exceed
2.75 1b.

2.7.4.3 Power

The power requirements of the mechanism to fulfill the soil
measurement function shall not exceed 5 to 6 watts. Exact power levels
are difficult to predict accurately since they depend on frictional effects.
The power required for penetration into the soil is approximately 0.6
watt. The remainder of the power is associated with frictional losses.

2.7.4.4 Vehicle Constraints

The SLRV penetrometer will tolerate side loads up to 2 lb in the
fully extended condition. To avoid damage to the penetrometer, the
roving vehicle must be restricted to slopes which will not permit a 2-1b
side load todevelop(approximately) 8% ona zero friction surface).

2.8 NAVIGATION

The navigation subsystem is comprised of an inclinometer, a solar
aspect, an RF ranging unit,and an odometer. The television camera is
also used for navigation purposes but is not an explicit portion of the
navigation subsystem.

2.8.1 Inclinometer

The inclinometer is used to sense deviations from the local
vertical of the SLRV pitch and roll axes. This information is used for
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transformation of the solar aspect sensor measurements to the local
reference plane and to provide surface slope measurements. An accuracy
of 10 arc-minutes on the lunar surface is required for each body axis
measurement in both static and dynamic conditions. The inclinometer

is comprised of two linear accelerometers mounted about the vehicle
pitch and roll axes. FEach accelerometer is an open-loop device incorpor-
ating a floated pendulous gimbal with instrument ball bearing suspension
and wide range microsyn-type pickoff.

Each inclinometer is comprised of two accelerometers and associ-
ated electronics.

The active range of each accelerometer is + 30° on the lunar
surface. A measurement accuracy of 10 arc-minutes over a £15° range
is provided. The accelerometer natural frequency has been selected at
one cps, and the anticipated damping is 0.7 of the critical value. Each
inclinometer output signal has a range of 0 to 5 VDC corresponding to the
+ 30° range. The complete two-axis unit electronics occupy 2 cubic
inches and weigh 20 grams. The total inclinometer weight is 1. 0 lb;
total power input is 1. 76 watts at 28 VDC.

2.8.2 Solar Aspect Sensor

The solar aspect sensor is the primary sensor for the vehicle
azimuth. The digital device which has been selected is comprised of four
sensing heads and associated electronics. Each sensing head employs
dual reticle detection elements to encode the solar azimuth and elevation
lines into eight levels, providing 1/2° resolution in solar azimuth and
elevation. At binary code crossings, an accuracy of +1/49 is achieved.
The four sensing heads are arranged such that complete coverage of the
hemisphere is provided. Data are presented in parallel form continuously
in two 8-bit buffer registers. FKach detector head incorporates an
identification cell for coding of the solar measurements to a particular
head. Total sun sensor weight is approximately 2-1/4 lb. The total
power required is 295 milliwatts.

2.8.3 RF Ranging Unit
An RF ranging unit employing an active transponder on the

Surveyor spacecraft is used to provide continuous range information
between SLRV and Surveyor. The ranging function is performed using
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interferometery. Two CW low frequency signals of 80 kc and 2 Mc are
used to frequency modulate a VHF carrier at 145 Mc. A vertical whip
with azimuthal pattern symmetry is used as the SLRV radiator. The
signal is received at the Surveyor with another whip antenna and is
translated to 125 Mc. The 125-Mc signal is retransmitted to the SLRV
through the Surveyor whip with the aid of a diplexer. The 125-Mc signal
received at the SLRV is separated from the transmitted signal by another
diplexer and demodulated by a limiting IF strip and discriminator,
producing 80-kc and 2-Mc baseband outputs. Phase comparison of these
two signals with appropriate crystal references produce an output
proportional to range. Phase detection accuracy is sufficient to provide
range measurements to within + 1 meter.

2.8.4 Odometer

The odometer is basically a ''fifth wheel” with a 5. 75-in. diameter
and 1. 0-in. width. It is attached to the outside center of one of the four
traction drives by means of a leaf spring. The leaf spring is used to
apply a slight pressure on the odometer to ensure contact with a rough
surface. Travelled distance is measured by counting revolutions of the
odometer wheel. This is accomplished with a reed switch which pulses
18 times per revolution or every 2.55 cm of vehicle travel. These
pulses are used to step a shift register which in turn is interrogated
6 times/sec by the telemetry subsystem. The register may be reset
by command from the ground controller.
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2.9 CONTROL AND DISPLAY

The SLRV is remotely controlled from the ground by a vehicle opera-
tor. The operator is located at the ground command/display console in a
real time closed-loop manner. The vehicle operates in a discontinuous
(STOP-GO) fashion. At any particular stopping point, one or more video
pictures of the immediate foregound are taken for the operator's benefit.
Interpreting these pictures with respect to his overall short term and long
term objectives, the operator selects a tentative path for the next travel
step of 3 meters or less. Auxiliary symbols superimposed on the TV pic-
ture indicate the relative geometry of the picture, vehicle orientation, and
TV camera pointing for the operator's benefit.

A prediction technique is used during vehicle motion to minimize dy-
namic considerations of the steering control problem. The prediction is
accomplished by computing in fast time and displaying in real-time the pre-
dicted response of the vehicle to the current instantaneous command stick
setting. The prediction will use an initial condition parameter set derived
from the processed navigation information and recent commands sent to the
vehicle. The prediction is updated at a rate of two times per second, cor-
responding to the command input rate. The vehicle position is predicated
and displayed for a total of three meters ahead of the instantaneous vehicle
position.

Figure 2.9-1 illustrates the complete display. The past position of
the vehicle is shown as two lines, behind the instantaneous present position
of the vehicle, which is shown by an appropriate rectangle. The predicted
position of the display, using the current vehicle steering commands, is
shown on the remainder of the display for a total length of 3 meters beyond
the present position. By aligning the predicted vehicle track path with the
overall desired path, the vehicle can be carefully controlled along the de-
sired path.

In addition to normal vehicle operation, capability for alternate modes
of vehicle operations will be provided, permitting irregular turns and slow
speed operation for obstacle crossing and climbing. These alternate modes
of operation will be used in situations wherein normal vehicle operation is
either impossible or difficult. Typical examples might be driving the vehicle
backwards, crossing a crevice, and climbing a large obstacle. Opecration in
alternate modes is expected to constitute only a minor percentage of the total
operation.
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Other display information and control functions will be available to
the vehicle operator, in addition to that required for steering control.
These are described briefly here and in greater detail in Section 13,
Book 2. Figure 2.9-2 illustrates the operator's control and display
console. The operational mode indicators display the mission status.
A warning indicator provides a vehicle malfunction indication. Vehicle
body inclinations are provided to indicate dangerous stability conditions.
A cursor, cursor mode controls, and display controls allow operator
communications with the computer and display. A closed-circuit TV
monitor is available for information control purposes. Controls for
pointing the vehicle TV camera for driving purposes are provided. The
operator generates steering commands for the vehicle through use of the
steering command stick. Manual vehicle mobility controls are also at
the disposal of the operator.

2.10 TELECOMMUNICATION DESCRIPTION
The hardware items of the SLRV telecommunication subsystem are:
1. Data Handling
Command Decoder
Telemetry Processor

2. Data Link Transmitter

3. Command Receiver

4, Antennas
Omnidirectional
Directional

2.10.1 Data Handling

The major units of data handling equipment are the command
decoder and the telemetry processor. The block diagram of the command
decoder is shown in Figure 2. 10-1.

Three subsystem decoders are used, the TV decoder, the communi-
cations and penetrometer decoder, and the mobility decoder. Each of the
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subsystem decoders is capable of decoding 32 commands giving overall sub-
system capability of 96 commands.

Only 71 commands are required for operation of SLRV. The distri-
bution of the command requirements among the subsystem is given below:

TV - 21 commands

Communication - 15 commands

Penetrometer - 3 commands

Mobility - 32 commands
Two redundant address decoders are provided to enhance reliability. They
are switched whenever iterrruption of the command transmission occurs
and their status is monitored via telemetry. The command work format is
shownin Figure 2.10-2. The commands are transmitted at 48 bits per sec-
ond rate, thus providing one command every 0.5 second- The transmission
is continuous with fill-in bits transmitted between commands. Complement
of address and the command allows a high degree of error detection. When
errors are detected, the command decoder is inhibited and the fact teleme-

tered to earth.

The command decoder is constructed using 248 TI, series 51 inte-
grated circuits, and has the following parameters:

Size: 2"x 2-1/4"x 1-1/2"
Weight: 0.25 1b
Power: 1.1 watts at 3 volts.

The telemetry processor block diagram is shown in Figure 2. 10-3.
Four modes of operation are specified:

1. Normal TV meode at 122, 880 bits/sec
2. Degraded TV mode at 960 bits/sec
3. Telemetry mode at 960 bits/sec

4. Penetrometer mode at 960 bits/sec.
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The television provides a serial data input to the telemetry processor. In
normal telemetry mode, the following sampling is provided:

65 high level points
12 low level points
45 binary points

In the penetrometer mode 7 high level points are sampled. Work format
and frame format for various modes are given in Figure 2. 10-4.

Two redundant A/D converters are provided for reliability. The
converters are of a ramp type capable of 9 bit encoding, in 8.3 milliseconds.
Triplicated majority logic is used in dividing clock chains and counters.

The telemetry processor uses TI, series 51 integrated circuits and
National Semiconductor INCH (INtegrated CHopper) circuits for switching,
and has the following parameters:

Size: 4'"x 3.875" x 3.125"
Weight: 2.5 1b
Power: 3 watts.

2.10.2 Data Link Transmitter

The block diagram of the data transmitter is given in Figure 2.10-5.
It operates in S-Band. The transmitter is completely solid state except
for the travelling wave tube. A reference oscillator signal is derived from
the receiver. The receiver oscillator is a crystal controlled VCO and will
lock on to the DSIF transmitter, thus providing a transponder mode of opera-
tion for the carrier. The constant ratio (221/240) between received and
transmitted signal simplifies the acquisition procedure. The input refer-
ence signal of 19 Mc and is provided at 1 mw power level. A transistorized
X5 multiplier will convert the reference signal to 95 Mc, a power loss of
2 db will occur. The varactor X3 stage is driven with 3 mw. A conversion
efficiency of -5 db is realized. The modulator is a single-stage transistor
amplifier, whose phase response is controlled by a biased varactor. A
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final RF amplifier stage will supply the power necessary to drive the X8
varactor multiplier. The RF output power necessary is 13.5 mw to arrive
at the required 2 mw input power at 2295 Mc for the TWT. The varactor

.X8 is divided in two sections: the lumped constant X2, and the stripline X4.

The output of the TWT is fed through an RF switch to a square hybrid. The
hybrid will be part of the stripline package. The hybrid will provide a mini-
mum of 40 db of isolation between the receiver and transmitter ports. The
use of hybrid has the additional advantage of achieving simultaneously an
equal power split and a 90° phasing between the outputs to be fed to the two
elements of the crossed-bent dipole antenna.

The critical components selected are Hughes 314H TWT tube with a
Watkins Johnson WJ 237 used as a backup and a Microwave Associates
MAH322B1 varactor. Use of stripline techniques for RF circuitry to mini-
mize weight has also been selected.

The transmitter has the following parameters:
Size: 4”X8”X4”
Weight: 2.9 1b
Power: 8.48 watts.
2.10.3 Command Receiver

The block diagram of the receiver is shown in Figure 2. 10-6. Modu-
lation characteristics of PM Carrier, FSK Subcarrier, and 48 bps split phase
data, have been selected. However, to eliminate any possibility of inter-
actions between Surveyor and SLRV commands, the FSK subcarrier fre-
quency is 5 kc instead of 2. 3 kc as for Surveyor.

The receiver uses stripline for RF filtering, a balanced mixer, and
times 6 multiplier which furnishes the 2062. 8-Mc LO signal.

IF amplification is accomplished at 47 Mc and 9.5 Mc. A chain of
multipliers which receives its power from a 9.55-Mc VCQ, provides 38.2
Mc for the second mixer, 343.8 Mc for the stripline unit, and 9.55 Mc for
the phase detector. The phase detector, operational amplifier, and VCO
form a phase locked loop. No provision for frequency search is provided
since this is available from the ground.
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The baseband signal from the phase detector is filtered, limited,
and detected in a multivibrator-type discriminator. The resultant split
phase PCM signal is filtered and limited in an overdriven amplifier and
passed to the decoder as data.

Receiver parameters are:
Size: 1-1/2"x 6" x 4"
Weight: 11b
Power: 1.3 watts.
2.10.4 Antennas

Two communication antennas on SLRV are required to meet the
functional requirement. The general schematic of antenna interconnection
is shown in Figure 2.10-7. A square hybrid duplexer is used between the
transmitter and the receiver at the omnidirectional antenna. An RF trans-
fer switch is used to alternate the transmitter between the omnidirectional
and a directional antenna.

The omnidirectional antenna configuration is shown in Figure 2. 10-8.
It will have a coverage cone of + 121. 59 giving a + 3-db gain at the center
and - 6-db loss at 121.50°.

Construction comprises two bent, crossed, quadrature-fed dipoles
mounted above an appropriately dimensioned groundplane: a circular polar-
ization is realized. The weight of the antenna is approximately 8 oz.

The directional 17-db gain antenna construction is shown in Figure
2.10-9. The antenna is constructed from perforated aluminum 0. 05" thick.
It is 18 " in diameter, has a beam width of 20° at 3-db points, and has cir-
cular polarization. A two-crossed-dipole feed is used. The dish weighs
8 oz and the feed weights 5 oz.
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Figure 2. 10-8 S-Band Omnidirectional Antenna
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2.11 PRIMARY POWER SUPPLY

The SLRV power supply will consist of a radioisotope thermoelectric
generator (RTG), a power converter, and a shunt power regulator. The
RTG converts heat to electric power through the natural decay of a radio-
isotope and a series of thermocouples.
transistor converter which transfers the input power to all the subsystems

at the desired voltages.

The power converter is a static

The power regulator maintains RTG power at a

constant level and output voltages within the desired tolerance for all nor-
mal modes of operation.

The RTG will provide 38. 8 watts at the end of mission with a power

contingency allowance of 3.1 watts.

The power regulator will maintain

the RTG output voltage at 6 volts throughout the complete mission.

The DC-DC power converter transfers the power to the loads as
The RTG weights 21 lb. and the

shown in Figure 2.11-1, and Table 2.2-5.

converter weighs 3.

2.12 TELEVISION

7 lb.

A functional diagram of the television is shown in Figure 2. 12-1.
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Figure 2. 12-1 Television Functional Block Diagram
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The optical elements of the system provide three fields of view and
consist of a Galilean telescope which is mounted in front of the fixed lens
having a 22.5-degree field of view. The telescope is rotated 180 degrees
(-_i'_90°) to obtain either narrow (10 degree) or a wide (50 degree) field of
view. In the middle position the telescope is not used and the fixed field
of view (22.5 degree) of the camera sees between the convex and concave
lens of the Galilean telescope. Continuously variable f-stops from {/7 to
/22, are provided. Shutter speeds from 50 ms to a maximum time at the
operator option are also provided. A partially silvered mirror placed be-
tween the iris and the shutter reflects a small percentage of the light to a
photo diode which is used for both light measurement and, if desired,
automatic exposure.

A vidicon having electrostatic focus and deflection and long reten-
tivity characteristics is used as the basic light transducer. A highlight
sensitivity of 0.1 ft-candle-second is available in this unit. The vidicon
is readout by digitally generated sweep waveforms which have a staircase
form. During each flat portion of the horizontal sweep waveform, the
vidicon beam is turned on for a 3-jusec period and an elemental area of the
vidicon faceplate is readout. The number of elements readout can be
varied from (.256)2 to (512)2. The readout rate can be varied from 100, 000
elements per second to 200 elements per second simply by changing the in-
put clock rate. This flexibility encompasses the range required for en-
coding data rates of 0. 96 kilobit per second or 122. 88 kilobits per second
at 2, 3, or 4 bits per element, at either (2.56)2 elements or (512)2 elements
per frame. Robert's modulation can be used with any of the foregoing com-
binations at the discretion of the operator.

The combination of 4 bits per element encoding, (512)2 elements per
frame readout, and 122.88 kilobits per second data rate constitutes the
high performance mode of the subsystem. The frame time under these
conditions is 8.3 seconds. The combination of 2 bits per element encoding,
(256)2 elements per frame readout, and 0. 96 kilobit per second data rate
constitutes the extreme emergency mode. The frame time under these
conditions is 137 seconds.

The exposure capability of the variable shutter and iris and the sen-
sitivity of the vidicon are such that 0.24 second is the required exposure
time at f/22 and at a maximum lunar surface luminance of 325 candles /fté.
An exposure time of 24 seconds may be safely assumed as feasible without
any picture degradation (the maximum exposure time as limited by the
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vidicon faceplate is much longer but would require experimental verification).
The highlight luminance level required at this long exposure time is 0. 325
candles ft®. Thus the highlight dynamic range of the subsystem is 103:1.
The tone scale capability of the system is such as to articulate ten 3-db grey
levels except when operating in the emergency mode or with long exposure
times.

The power requirements of the television subsystem vary depending
onthe operating mode. The minimum is 2. 88 watts required for standby
during lunar day and for nighttime survival. The maximum is 5.2 watts re-
quired while reading out.

The angular freedom in azimuth is + 200 degrees and in elevation is
+ 15 degrees and - 60 degrees. The positign of the line of sight is controlled
by elevation and azimuth drives which have readout capabilities of + 0.248
degree peak, respectively.

The subsystem possesses a semiactive thermal control system
which maintains the interior temperature in the range of + 125°F to - 40°F

non-operating and + 125°F to + 50°F operating.

A view of a full scale model of the SLRV-TV subsystem is shown
in Figure 2.12-2.

Table 2. 12-1 gives a weight summary for the design.
TABLE 2.12-1

DESIGN WEIGHT SUMMARY

Element Weight (1b)
Camera proper 2.89
Field changing optics 0.90
Elevation and azimuth drives 2.37
Remaining structure 1.47

Total 7.63 1b

2-98 II1/1




ELECTRONICS

8 ELEVATION
DRIVE

ELEVATION
+15° TO —60°

BSR 903

GALILEAN
TELESCOPE

TELESCOPE
DRIVE

AZIMUTH
CABLE

AZIMUTH
DRIVE UNIT
AZIMUTH
+200°

Figure 2.12-2 Full Scale Model of TV Subsystem

I11/1

2-99



BSR 903

2.13 THERMAL CONTROL

The thermal control method chosen for SLRV is essentially passive.
Specifically, control is achieved via insulated electronic compartments,
thermal radiation shields, resistance heaters,and application of selective
thermal coatings at the more sensitive areas. This method of control is
inherently reliable and light in weight.

Temperatures have been calculated at many points throughout the
SLRV for several different phases of the mission; including transit, lunar
day operation, and lunar night. Lunar day operation was further broken
down to early morning operation (sun 13° above horizon), mid-morning
operation (sun 45° above horizon), mid-day (sun at zenith), and mid-afternoon.
Some allowance was made for the vehicle position relative to the sun rays.
Temperatures calculated are summarized in Table 2. 13-1.

Thermal control of the electronics compartment will be accomplished
with a metalic plate to which all electronic components are mounted. On the
sides and bottom of the compartment heat transfer will be virtually elimi-
nated by use of superinsulation. Control within the electronic compartment
will be achieved by providing a single thermal path through the top plate.

The thermal path through the thermal plate is further modified by applying
their coatings to the outer surface. During the lunar night, auxiliary heaters
will be used to maintain minimum acceptable temperatures.

The TV camera package thermal control will be similar to that des-
cribed above for the electronic compartment in that it will use a single
thermal plate and be enclosed with superinsulation.

Thermal insulation is located between the RTG and the Surveyor
Spacecraft to minimize the thermal input to the spacecraft.

2.14 DSIF/SFOF

Ground operating equipment (GOE) performs the functions of vehicle
control, performance monitoring, and collection and analysis of survey data.
Ground operating facilities supporting SLRV operations will consist of a
combination of existing and planned DSIF and SFOF facilities augmented by
SLRV mission-dependent equipment. This section summarizes the DSIF/
SFOF configuration required to support the SLRV and the SLRV mission-
dependent equipment that must be added. Additional detail regarding DSIF/
SFOF configuration trade-offs and special purpose SLRV GOE may be found
in Book 2, Volume III, Section 13.
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TABLE 2.13-1
TEMPERATURE DATA

Lunar Day  Lunar Night

Transit(°F) (May) (°F) (°F)
Directional Antenna 138 -108
Electronics Mtg Plate 128 22
Penetrometer 123 25
Transmitter 138 40
Inclinometer 133 31
Odometer ' 121 23
Structure Front 143 32
Structure Rear 260 188
Structure Rear Bottom 315 278
Front Strut 116 -52
Track Hub - Front 108 -68
Tread Top - Front 191 -142
Track Hub - Rear 103 -62
Tread Top - Rear 195 -114

TV Camera

Note: All temperatures are equilibrium values.
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TABLE 2.

14-1

GROUND OPERATING EQUIPMENT AND FACILITIES FOR SLRV MISSIONS

Location §

Mission Dependent (contractor provided)

Mission Independent (JPL provided)

Surveyor CDC (Hughes)

SLRV (Bendix)

[Existing or Planned

Additional Reguirement

1. Command subsystem
modified for remote
electrical input into the
command register and
provisions for remote
transmit control.

1. Vehicle Control
Console

2. Survey Control
Console

3. Vehicle System
Monitoring and
Control Console

4. Data Recon-
struction Unit

5. TV Data.
Processor

6. Input Signal
Monitoring Console

1. Computer Complex

2. Tape recorders
and reproducers.
f 3. Time reference

4. SFOF Media
Conversion Equip-
ment modified for
SLRV digital TV
input.

5. SFOF Storage/

operating in Mode II-A.

1. Microwave terminal
equipment to receive SLRV
digital data.

2. Digital data link to transmit
SLRV command data to Gold-
stone at 48 bits per second.

SFOF 7. Automatic com{ Retrieval and Photo-
mand Word Gener-| graphic Processing
ator Systems
8. Command 6. X-Y Plotters
Decoder 7. Mission Status
9. Photogram- Displays
metric analysis 8. Surveyor landing
equipment area photo mosaic
10. Photometric 9. Closed circuit
analysis equip- TV Systems
ment 10. Mission Control
facilities
A. Computer 11. SFOF control and
programs peculiar | monitor facilities
to SLRV opera- 12. DSIF control and
tions. monitor facilities
13. SLRV Space
Science Area
14. SLRV Perform-
ance Analysis Area
15. Microwave link
from Goldstone to
the BEDF
1. Command subsystem 1. Data recon- 1. 210" S-band 1. Microwave terminal
modified for remote struction unit. antenna equipment to transmit SLRV
input into a separate 2. TV Data 2. GSDS S-band digital data.
SLRV sCO. Processor receiver with wide 2. Digital data terminal to
2. TM processor ad- 3. TV Monitor band phase detector receive SLRV command data
justed for SLRV data 3. €SDS S-band from the SFOF.
Goldstone rate and format, transmitters with
Dss phase modulator
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4. Time reference
5. Tape recorder
6. Station control
and monitoring
facilities.
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Limitations of the 100-1b SLRV telecommunications system preclude
the reception of telemetry data with an 85' ground antenna while the vehicle
is moving. Therefore, the corresponding DSIF/SFOF operational configura-
tion is limited to the use of the Goldstone 210' antenna for data acquisition.
Transmission of telemetry to an 85' ground antenna via the vehicle's direc-
tional antenna is possible with the vehicle stopped. Thus vehicle status will
be monitored during standby operations from the Deep Space Stations (DSS)
at Woomera and Johannesburg.

2.14.1 Operational Configuration

A preliminary DSIF /SFOF operational configuration using only the
Goldstone Deep Space Station (DSS) is shown in Figure 2. 14-1. Table 2. 14-1
shows the estimate of the distribution of required equipment and facilities
for the configuration of Figure 2. 14-1.

In general, all command generation, data collection, and data analy-
sis will occur at the SFOF. The Goldstone DSS will be used to transmit
commands, receive and relay data, and provide a backup data recording and
command generation capability. Sufficient data processing should be in-
cluded at Goldstone to permit local monitoring of data quality.

2.14. 1.1 Data Handling

Data from the SLRV are received at the DSS in the form of split
phase PCM/PM with no subcarrier. Telemetry and TV data are received
alternately at rates of 960 bps and 122. 88 kbps respectively. Both forms of
data are recovered and reconstructed at the DSS using the existing wide-band
phase detector plus a special purpose SLRV data reconstruction unit. Re-
shaped digital data are then relayed to the SFOF in real-time via the existing
microwave link. At the SFOF the raw data from the microwave link are again
recovered and reconstructed and TM data are routed directly to the computer
complex while TV data are routed to a special purpose TV data processor.

On-line utilization of the SFOF computing complex will be required
to support SLRV operations in the area of telemetry frame and work syn-
chronization and decommutation. The recommended operating mode is
II-A as described in EPD-23. SLRV television data will be routed by the
data reconstruction unit to a special purpose TV data processor which will
establish frame and line sync, remove the Roberts' modulation from the
video, and provide dark current correction of the video signal if necessary.
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Outputs from the TV data processor will consist of digital signals specifying
the position of the present picture element, analog video, and an unblanking
signal. These signals will be routed to a vehicle control console, survey
control console, input signal monitor console, and to the SFOF media con-
version equipment for scan conversion and permanent photo recording. Ref-
erence data for each TV frame will be derived by the computer from the
telemetry frames preceding the TV frame and routed to the necessary dis-
plays and photo recording equipment.

The planned SFOF photo recording, processing, and storage and
retrieval facilities (as described in JPL specifications FOT 5-720 and FOT
5-730) will provide permanent archival storage of SLRV TV data, negative
or positive transparencies for off-line photometric and photogrammetic
analysis, and copies of SLRV TV images for members of the scientific
community.

2.14.1.2 Control Consoles

Four control consoles are presently anticipated to support SLRV
operations:

1. Vehicle Control Console, see Figure 2.9-2
2. Survey Control Console, see Figure 2. 14-2

3. Vehicle Systems Monitoring and Control Console

h

Input Signal Monitor Console.

All vehicle control (driving) functions are handled at the vehicle
control console. The main display is a composite of computer generated
synthetic data and TV video. Necessary navigation data are shown as range
and bearing to the next destination. The composite display is generated by
rear-projecting a video image from a positive transparency and synthetic
data from a CRT on a common viewing screen. The positive transparency
is producedby a self-contained photo recorder, rapid processor, and pro-
jector unit which makes the video data available for display within 10 seconds
after transmission is complete. The CCTV monitor to the left of the main
display will be connected to the SFOF CCTV system and is intended specif-
ically to permit the operator to monitor the following items:
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1. Scan converted SLLRV TV photos
2. Navigation status plot
3. Vehicle systems status display.

Vehicle mobility commands are generated by operation of either
the main steering control or the auxiliary mobility controls. The main
steering control is a seven-position, self-centering control stick. In the
normal driving mode, the position of this control stick will cause hybrid
commands to be encoded and transmitted to the vehicle at 0. 5-second inter-
vals. Auxiliary mobility controls will be provided to implement alternate
modes of vehicle mobility control. The cursor control is provided to per-
mit the operator to scale features on the main display in conjunction with
his hazard identification task.

The survey control console is a two-position unit accommodating
the functions of survey data collection, quick-look data analysis, and navi-
gation position fixing via landmark sighting. The main display at the quick-
look survey analysis position is identical to the main display at the vehicle
control console except for different synthetic data. The cursor control
(joystick) is again used to scale the video picture but this time to determine
that the area is acceptable for LEM landing. The display in the center of
this console is a navigation status plot consisting of a transparent chart
showing the required data locations within a point (or the required point
locations within the site) and the present position and heading of the vehicle.

The vehicle systems monitoring and control console will permit
status monitoring and control over the vehicle's directional antenna. In
general, the required displays will consist of computer driven status and
warning lights, analog meter indicators, and numeric displays. A compu-
ter controlled page printer and perhaps an oscillographic recorder may be
required to supplement this console.

The input signal monitor console is concerned with operation of
the data reconstruction unit and TV data processor.

2.14.1.3 SLLRV Command Generation Procedures

Closed-loop driving and efficient use of mission time require a
fast, automatic command generation procedure under the cognizance of the
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Mission Director. A Surveyor CDC command subsystem modified for remote
command word entry can be used at the SFOF to generate command words ~
in the same format as for Surveyor. Referring to Figure 2. 14-1,an auto-
matic mode is added to the present command entry facilities of the CDC,
referred to as normal mode in Figure 2. 14-1.

The automatic command entry mode uses an automatic command
work generator to assemble 10-bit command words for presentation to the
CDC programmer. The word generator receives inputs from the vehicle
control console, the survey control console, the vehicle systems console,
and the computer complex via the 7288 data channel. These inputs are
monitored in accordance with the selected automatic mode and the appro-
priate command is encoded and presented to the CDC each half second. The
CDC automatically transmits each command presented at the output of the
work generator and will not of itself insert fill-in commands.

Commands entered automatically are limited to those pertaining
to vehicle control, antenna pointing and switching, TV operational control,
and penetrometer operational control. Others are entered into the CDC in
the normal manner. These four categories will be established as separate
modes to be changed only upon authorization of the Mission Director. In
addition, a HOLD mode will be included which will prevent transmission of
operational commands to the vehicle via the automatic command word gen-
erator. This HOLD mode could also be used to stop the vehicle in the event
of emergency. A change between normal and automatic command entry
modes should require the authorization of the SLRV Mission Director.

Commands generated by the CDC at the SFOF are relayed in the
form of digital data at 48 bits per second to another CDC at Goldstone via a
new land line data link. The CDC at Goldstone should be notified (Figure
2.14-1) to include an additional SCO and mixer as well as a switch to select
either the Surveyor, SLRV, or both SCO's. These simple modifications to
the CDC command subsystems at SFOF and Goldstone would provide a ver-
satile command generation facility suitable for both Surveyor and SLRV
missions.

2.14.1.4 Data Analysis Equipment
Additional equipment must be provided at the SFOF to permit

photogrammetic analysis and perhaps photometric analysis of SLRV TV
data. The requirement for photogrammetic analysis equipment in support
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of landing point verification will require one or more analytic plotter sys-
tems of the AP-C or AP-2 variety. Procedures for detailed photometric
analysis of SLRV TV data are not yet defined; a microdensitometer may be
required.

2.14.2 Standby Status Monitoring Configuration

A DSS configuration for SLRV standby status monitoring is shown
in Figure 2.14-3. This configuration will be required at each of three Deep
Space Stations: No additional SFOF capability is required for this ope ration
beyond the existing capability for receiving telemetry data via the teletype
network.

2.15 OPERATIONAL SEQUENCE

The operational sequence is generated to detail SLRV expected experi-
ence during three significant periods:

1. AMR Operations
2. Transit Operations
3. Lunar Operations.

AMR operational sequence is based upon estimates of local require-
ments, Surveyor requirements, and on Bendix plans for SLRV testing.
Transit operational sequence is based upon Atlas-Centaur and Surveyor
operations with the possible addition of SLRV in-transit checkout, if desir-
able and if permitted. Lunar operational sequence is based entirely upon
lunar surface operation requirements and the capabilities and performance
characteristics of the SLRV.

2.15.1 AMR

A basic schedule of activities at AMR has been generated (Table
2.15-1) to serve as a basis for operation planning. This schedule allows
64 days at AMR before launch. Some variability in the dates assigned for
test completion is allowed. The later portion of the schedule is arranged
to minimize the duration of operation with the RTG fuel capsule installed.
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Time
(days before launch)

-64
-58

-54
-52
-47
-45
-43
-40
-25
-20
-15
-13
-11
~10
-10
-8
-7
-6
-5
-5
-3
-2
-2
0
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TABLE 2.15-1

AMR SCHEDULE OF ACTIVITIES

Received at AMR

Receiving Inspection Complete

Simulated Mobility Test Complete

Command and Control Test Complete

Telemetry Test Complete

Power Tests Complete

Experiment Tests Complete

Navigation Equipment Tests Complete

Optical Alignment and Calibration Complete
Telemetry Calibration Complete

Final Assembly and Flight Preparation Complete
RTG Fuel Installation Complete

Final Confidence Test Complete

Pyrotechnic Installation Complete

Final Preparation for Surveyor Installation Complete
Installation and Checkout with Surveyor Complete
Surveyor Weight and Balance Complete

Fairing Installation Complete

Final Confidence Check Complete

Move to Launch Pad

Mate with Centaur Complete

Prelaunch Confidence Test Complete

Initiate System Monitoring During Countdown

Launch
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An operational sequence has been prepared to cover the expected
activities of AMR. This sequence (Section 2. 16 of this volume) is a func-
tional flow and mo time scale is shown. However, the functional flow infor-
mation is consistent with the above basic schedule.

2.15.2 Transit
A standard sequence of events has been published (EPD-180) which

covers the expected operations of Atlas/Centaur, Surveyor, and SFOC. The
transit operational sequence of the SLRV is minor compared with this stan-

dard sequence but it is expected that the telemetry (T/M) data from the SLRV

can be relayed to earth as a portion of the scheduled engineering interroga-

tion procedures. Command inputs to the SLRV and T/M outputs, both through

the umbilical connector have been provided to facilitate the data transfer.

The SLRV T/M can scan the entire SLRV T/M data (3840 bits) and can readout

these data to the DSIF within 4 seconds.
2.15.3 Lunar Operations

Lunar operations are possible immediately after touchdown. De-
ployment, checkout, and mission operations should take place as soon as
practical to maximize the system information output. As a result of the
difference in thermal conditions while traveling through space and after
touchdown, a deployment window probably exists. Deployment will be com-
manded to coincide with the actual optimum condition as determined from
T/M data. The initial checkout sequence is detailed is the following listing:

Initail Checkout Sequence

Touchdown

Surveyor "GO'" (information from Surveyor sensors indicates "OK
to deploy'’)

SLRV ""GO" (ground decision based on sensor trends)
Command 'Initial Deploy" (Via Surveyor)
Command ''Second Deploy' (Via Surveyor)

Verify ""Second Deploy'' (Via Surveyor)
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Acquire earth link

Exercise earth link

Command "Release TV and Antenna'' (Via SLRV T /M)

Exercise TV

Command "Short Range Look-Around' (A computer programmed
sequence of close-in TV exposures to examine wheel sinkage, an-
tenna position, vehicle damage, Surveyor condition, Surveyor-
vehicle interference, local surface condition)

Command '"Penetrometer T/M mode"

Command 'Penetrometer Start"

Complete Penetrometer action and transmit

Command ""Regular T/M mode"

Initiate ""Exercise Mobility" (A programmed sequence of operations
and TV exposures which will demonstrate the operation of each func-
tion of each mobility element and of the sun sensors and inclinometer)
Initiate "First Look'" (An operator-directed series of 3-meter steps
encircling the Surveyor at a radius of 20 meters with frequent TV
exposure out to the horizon.)

Decision - Select the 3200-meter site

Decision - Select the survey pattern

Decision - Select the lst survey point

Go the lst point.

3-Meter Step Sequence

All travel occurs in steps of 3-meter or shorter lengths. Each step
is initiated with the antenna switch at "OMNI', Mobility "OFF'", TV "OFF'".
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10.

11.

12.

13.

BSR 903

Compute antenna required pointing angles
Command antenna bearing angle

Command antenna elevation angle

Verify antenna pointing

Command switch to directional antenna
Verify TV status

Command TV data mode

Command TV expose (for drive) and transmit
Decision (See A below if additional TV views are required)
Command '""T/M data mode"

Command ''switch to omniantenna"

Command '"drive"

Stop after 3-meter run.

A. If additional TV views are required at this point, introduce
the following as many times as necessary.

a. Select required TV pointing angles and FOV

b. Generate pointing commands and FOV command
c. Position TV in azimuth -
d. Position TV in elemation

e. Adjust FOV

f. Verify pointing angles and FOV
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g. Command TV exposure and transmit
h. Decision.

Note: These additional views are obtained in order to define
possible hazards, to seek out general routes, to aid in
climbing obstacles, etc.

When a stop (either on a traverse or as a part of a site survey) is
used only to obtain drive information, then the sequence of operations is as
described above. When the stop is used to obtain survey data, as is done
within a point or in making side observations during a traverse between
points, then the sequence is that which is described below. The survey po-
sitions (L, M, N, ..... ) are predetermined TV views, essential to the sur-
vey, which the computer will call for as required. The computer will be
instructed to modify the pointing and FOV as occasioned by the terrain. The
initial conditions here are identical with those specified above for the ordi-
nary 3-meter step.

Sequence for 3-Meter Step with Survey Activity

l. Compute antenna required pointing angles

2. Command antenna bearing angle

3. Command antenna elevation angle

4. Verify antenna pointing

5. Command switch to directional antenna

6. Verify TV status

7. Command TV point to survey position (L)

8. Generate TV bearing and elevation pointing and FOV commands
9. Command TV bearing and elevation and FOV pointing commands

10. Verify pointing angles and FOV
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11. Command TV data mode
12. Command TV expose and transmit
13. Repeat items 7 through 12 for survey positions
(M, N,....) as required
(If the survey stop is to include penetrometer measurements or
sinkage observation, then items 14 through 17 and/or items 18
through 21 may be introduced.)
14. Command TV examine track
15. Command TV bearing and elevation and FOV
16. Verify pointing angles and FOV
17. Command TV expose and transmit
18. Command penetrometer T/M mode
19, Command penetrometer start
20. Complete penetrometer and transmit
21. Command TV data mode
22. Command TV to drive position
23. Verify TV pointing angle
24. Command TV expose (for drive) and transmit
25. Decision (See A below if additional TV views are required)
26. Command T/M data mode
27. Command TV to drive position

28. Command switch to omniantenna
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29. Command drive
30. Stop after 30-meter run.

A. If additional TV views are required at this point, introduce
the following as many times as necessary.

a. Select required TV pointing angles and FOV

b. Generage pointing commands and FOV command
c. Position TV in azimuth

d. Position TV in elevation

e. Adjust FOV

f. Verify pointing angles and FOV

g. Command TV expose and transmit

h. Decision.

Note: These additional views are obtained in order to better
define possible hazards , to supplement mapping oper-
ations, to seek out general routes, to aid in climbing
obstacles, etc.

2.16 GROUND SUPPORT EQUIPMENT

Ground support equipment (GSE) is extensively covered in this section
since there is no additional discussion in Book 2. A GSE plan for SLRV
has been prepared based on information gained during the Phase I study.
Both the pre-launch operational profile for the SLRV and the installation
and support plan for DSIF equipment are included. Recommendations are
made for Phase II implementation of the support system requirements.

2.16.1 Requirements

The basic requirements which define the GSE elements are devel-
oped through an operations and maintenance analysis of the pre-launch plan
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for SILRV and of the installation and operation of the DSIF ground operating
equipment. This analysis primarily involves a step-by-step definition of the
sequential events which take place from final acceptance at the factory through
mission completion. Support requirements are then identified for each opera-
tional activity. Figures 2.16-1 and 2.16-2 illustrate the operational profiles
for the SLRV and DSIF equipments. Refinement of the profiles will continue
through Phase II until every item of GSE has been definedand until the pro-
files represent an accurate description of the operation compatible with SLRV
design and final mission plans.

2.16.1.1 SLRV Pre-Launch Operation Profile

The SLRV pre-launch operational profile (Figure 2. 16-1) follows
the preliminary sequences established for the Surveyor Spacecraft. The
SLRV and the modifications required for Surveyor will be delivered to
Hughes Aircraft Corporation in Culver City, California for initial installa-
tion and integration. In accordance with the Surveyor pre-launch plan, the
assembled spacecraft system will then be subjected to combined system
tests and simulated launch pad activities with the Centaur Stage at General
Dynamics in San Diego, California. Following these tests, the individual
systems will be disassembled and shipped to AMR for final checkout, cali-
bration, reassembly, and launch. Two complete systems follow through
this sequence; however, one is held at the launch site as back-up in case
of failure in the first flight unit.

The SLRV is assembled and acceptance tested at Bendix in its
final flight configuration except for explosive devices and the RTG fuel cap-
sule. Installation of the fuel capsule at the last possible moment prior to
launch is necessitated as a result of the limited radio active half-life. The
preliminary design includes a life expectancy of approximately seventeen
days in addition to a ninety-day mission capability. To accommodate this
limitation and still retain accuracy in simulation of the power source, an
electric heater element is initially installed in the RTG. All testing is ac-
complished using this heater until final replacement with the active element
at AMR. Timing for the final installation is somewhat critical, in that the
seventeen-day, excess-life period must be adhered to, including transit
time to the moon.

An additional requirement of the RTG design which must be ob-
served is that of limiting the number of heating and cooling-down cycles.
This requirement is satisfied in the pre-launch plan by providing standby
power to the electric heater continuously through all operations, including
shipment.
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An alternate approach towards solution of the RTG support prob-
lem has been considered but temporarily rejected because of estimated test
correlation difficulties. This plan suggests use of a test or dummy RTG
unit with final replacement of the complete active RTG at the launch site. A
final approach towards these problems will be selected during Phase II as
more information on the RTG becomes available.

After completing flight acceptance tests at Bendix, the SLRYV is
shipped to Hughes Aircraft Corporation. A functional checkout is accom-
plished with the SLRV functional test equipment group at Hughes, prior to
integration with the Surveyor Spacecraft.

The structural modifications and the RF ranging transponder are
installed on the spacecraft and checked out before assembly of the SLRV.
The integration sequences include a mechanical interface check, an umbili-
cal function check prior to mating, and compatibility test of the RF ranging
equipments. After mating, functional tests are performed using the Sur-
veyor System test equipment assembly (STEA) supplemented with SLRV con-
trol and monitoring equipment. Functional tests of the SLRV after integra-
tion with the spacecraft are limited to monitoring of general housekeeping
data. Deployment capability is verified through manual release of pull pins
installed in lieu of explosive devices.

Integration of the SLRV /Spacecraft System with the Centaur Stage

at San Diego primarily involves Surveyor interfaces; however, some specific

SLRYV support problems must be accommodated such as continuation of the
RTG electric power source and heat removal. System tests are performed
using the Hughes survey launch operations trailer (SLOT) supplemented with
SLRYV control and monitor equipment.

After completion of combined system tests at General Dynamics,
the Centaur, the Surveyor, and the SLRV are disassembled and are packed
for shipment to AMR. Upon receipt of the SLRV at AMR, a complete check
of calibration and alignment similar to that performed during acceptance
tests at Bendix is initiated. This test is performed in the spacecraft check-
out facility. Critical optical measurements are performed for the final
time before launch to obtain accurate calibration data. The SLRV functional
tests will include dynamic tests of mobility functions on the mobility test
fixture. It may be required that the test area be RF shielded since trans-
mission of commands and telemetry to and from the SLRV is included as
part of the test procedure. Temperature control equipment will also be
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SLRV Functional Test

Sensor Alignment and Calibration
Packing and Shipping

Surveyor Modification Functional Test

Installation of Mods on Surveyor Spacecraft
Installation of SLRV on Surveyor Spacecraft

Uncrating and Receiving Inspection

Integrated SLRV/Surveyor Functional Tests

Disassemble SLRV from Surveyor
Install RTG Fuel Capsule
Evacuate RTG and Fill with Inert Gas

Install Pyrotechnic Devices in SLRV and at Deployment Interfaces

GSE Functional Tests

Integrate SLRV Supplementary Control and Monitor GSE with Surveyor System Test Equipment Assembly (STER)
Integrate SLRV Supplementary Control and Monitor GSE with Surveyor Launch Operations Trailer (SLOT)
Install a ¢/o Blockhouse SLRV Monitor Console

Calibrate GSE
Wt. Balance and C/G Test

Checkout Surveyor Umbilical Functions Prior to Mating SLRV

SLRV Cooling (Required Continuously)
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SLRV Functional Test Equipment Group

SLRV Sensor Alignment and Calibration Equipment
SLRV Weight, Balance and Center of Gravity Stand
SLRV Handling Equipment

SLRYV Shipping Container

Transponder Test Set

Deployment Mechanism Test Fixture

Transponder Shipping Container

Deployment Mechanism Shipping Container
Installation Tools (Common)

Surveyor/SLRV Umbilical Function Test Set
Supplementary Control and Monitor Equipment for Integration with Surveyor STEA and SLOT
SLRV Cooling Equipment

RTG Electric Heater Power Supply

Vacuum Pump

Inert Gas Pressurization Equipment

RTG Fuel Shipping Container

RTG Fuel Functional Test Equipment

Squib Tester (GFE)

SLRV Block House Monitor Console

Special Calibration Equipment

SLRV Transportation Dolly

Squib Shorting Plugs

Deployment Mechanism Pull Pins

Optical Alignment Facility

Spares Shipping Containers

Surveyor Spacecraft Cooling (HAC)

Figure 2.16-1 SLRYV Prelaunch Operational Profile
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required to dissipate heat from the SLRV structure. The SLRV checkout
facility should provide a suitable, non-explosive area for receiving, un-
crating, and visual inspection, a clean room area and a bonded stores area
for storage of space parts.

From the checkout area, the SLRV is moved into the explosive
safe area and is prepared for final mission configuration. The RTG fuel
capsule is received and functionally tested at this time and is installed in
the SLLRV, replacing the electric heater element. When the heating element
is replaced, the RTG hermetic seal must be broken during the operation
with subsequent evacuation of atmosphere, pressurization with an inert gas,
and resealing. The unit is then subjected to a final gross functional check
to assure proper operation of the RTG with the active fuel.

Explosive devices which have been subjected to individual no-fire
tests are installed at this point and the SLRF is prepared and integrated into
the flight-ready Surveyor Spacecraft.

Remaining procedures prior to launch follow standard Surveyor
sequences including spacecraft weight, balance, cg check, fairing installa-
tion, confidence checks, on-pad mating, and system monitoring during
countdown procedures. Cooling air for the SLRV must be supplied by Sur-
veyor GSE prior to mating on the pad and by Centaur air conditioning equip-
ment during pad checkout. SLRYV functions which require monitoring after
installation with Surveyor include general housekeeping data such as power
supply voltages and temperatures. The SLOT and the STEA are supplemented
as at Hughes Aircraft Corporation with specific SLRV control and monitor-
ing equipment.

SLRV status will be monitored during launch pad procedures by a
special SLRV blockhouse monitor console. This console is interconnected
with the supplementary SLRV control and monitor equipment included in the
SLOT. All on-pad checkout of the SLRV is provided through the SLOT/Sur-
veyor RF link. No direct interfaces between GSE and the SLRV exist.

2.16.1.2 DSIF Ground Operating Equipment Installation and Operational
Profile

Figure 2.16-2 illustrates the basic concept for the activities in-
volved in installation and operation of GOE. Complete details of the integra-
tion sequences will be filled in during Phase II as firm hardware configura-
tions become available.
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The major elements of GOE are shown at the left of the diagram.
After acceptance tests of the individual equipments at Bendix, the major
elements will be shipped to the SFOF at JPL for integration with existing
equipment facilities. In accordance with established policies for DSIF equip-
ment, all operating equipments will be initially integrated and operationally
verified at JPL before installation at associated DSS. Additional equipment
not unique to the SLRV mission and referenced as mission independent equip-
ment is provided under JPL cognizance and is integrated into the system
concurrent with the SLRV GOE. This equipment is required to complete the
system net but is not the direct responsibility of the SLRV contractor. How-
ever, SLRV mission requirements may have an effect on determining its
necessity and performance characteristics.

Initial checkout and functional installation of the SLRV GOE at
SFOF requires the support of considerable test equipment. Much of this
equipment can be general purpose laboratory equipment but those special
items necessary will be supplied as GSE by the SLRV contractor. As inte-
gration of the GOE elements with SFOF equipment progresses, less of the
individual GSE is required since complementary GOE items provide their
own interfaces. Ultimately, a final system demonstration at SEFOF can be
supported by a SLLRV simulator and a set of interface equipment simulating
the DSS functions.

After acceptance of functional elements at JPL, those required
for installation at various remote DSS are packaged and shipped to the re-
spective sites. An integration sequence at remote sites is required which
uses special GSE for functional interfaces. After a final system functional
checkout, the DSIF network is integrated and functional compatibility demon-
strations are performed using the SLRV simulator. Following this, a con-
siderable amount of operator training is required to verify the operational
functions of the GOE system. These demonstrations and training exercises
should be supported through remote operation of the SLRV simulator on a
specially prepared test course.

Simulated mission functional tests will be performed to verify
man/machine functional relationships of equipment and operator. Both
operational and operator maintenance functions will be performed. The
SLRV simuator will be used during the simulated mission tests. Among
other things, the tests will verify or evaluate by demonstration of the fol-
lowing:
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1. Ease of operator control

2. Positive control assurance

3. SLRV navigational problem solving
4. Operator proficiency

5. Maintainability of equipment

6. Mission problem solving.

Simulated mission training and confidence tests will ensure
that the actual operator can perform his assigned function remembering
what he has previously signaled, visualizing the exact mode of the SLRV
with regard to position of tracks, speed, attitude, azimuth, and rate of
turning. It also trains the group to work as a team to ensure that the
operators coordinate SLRV requirements.

The equipment is now in a condition for operation readiness.
It will be continuously cycled for assurance monitoring and calibration.
During countdown the equipment will be turned on and checkout for active
utilization will be performed.

2.16.2 GSE Design Concept

The GSE items required for support of the SLRV system elements
identified in the operational profile are grouped for convenience in the
hardware tree, Figure 2.16-3. Three categories of equipment are shown:
(1) that equipment required to support the SLRV vehicle and its subsys-
tems, (2) that required to support the modifications to be made to the
Surveyor Spacecraft, and (3) that equipment required to support the in-
stallation and operation of the DSIP GOE. These categories are further
expanded to show the individual items required for functional checkout,
and maintenance, shipping, handling, and transportation of the end items,
servicing, and alignment and calibration.
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2.16.2.1 GSE for the SLRV

SLRYV Functional Test Group

The SLRYV functional test group includes the equipment re-
quired to test, calibrate, align, and fault isolate the electronic and
electromechanical functions of the vehicle system. A functional block dia-
gram of the integrated test set up is shown in Figure 2.16-4.

Electronic and electromechanical interfaces between the check-
out equipment and the SLRV are shown at the right hand side of the diagram.
These interfaces include the following functions:

I. Command

2. Telemetry

3. RF ranging

4. SLRYV power

5. Mechanical interfaces with the traction drive mechanisms
(T DM)
6. Stimulation of the sun sensors

7. TV targets
8. Surveyor/SLRV umbilical functions
9. Test connectors on various subsystem components

10. Mechanical interfaces with the penetrometer and inclino-
meter.

Commands are originated at the main test control console via
the controls on the CDC command entry panel. The commands can be
selected and programmed one at a time by the operator controls or sequen-
tially through the paper tape reader available in the Surveryor CDC command
subsystems. Encoding of commands into the correct format and modulation
of an SCO is also accomplished by the CDC command subsystem. The
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modulated subcarrier is then applied to the RF modulator or can be direct-
ed to the Surveyor simulator junction box for signal processing. This
latter function duplicates the Surveyor interface for checkout of the SLRV
via umbilical connections. The command RF signal generator provides

a modulated RF test signal which is adjustable in frequency, output level,
and modulation level so that the various parameters of the SLRV command
receiver and decoder subsystem can be completely tested. The output
from the signal generator is applied to the RF junction panel which provides
appropriate switching, sampling, and filtering. Connection to the SLRV
can be provided either hard wire or through an air link via antenna coup-
ling.

The telemetry from the SLRV is similarly coupled via hard
wire or antenna link and is applied to the RF junction panel. The main
RF power signal is directed to a load and an RF power meter. Appro-
priate levels are sampled and coupled to frequency and spectrum analysis
equipment, and to a telemetry receiver. The IF output of the receiver
is recorded on magnetic tape for a permanent test record prior to being
demodulated. The telemetry processor reconditions the serial bit stream
which is then applied to the Surveyor CDC decommutation equipment, and
the TV data processor. The reconditioned data are also recorded on
magnetic tape for subsequent playback if necessary. Decommutated data
are applied to the test sequence programmer where they are sampled and
conditioned for analog and digital displays. TV data are applied to the
TV data processor and the scan converter for processing, storage, and
display. Over-lays for the TV monitor are provided to allow quick-look
analyses of picture quality and pointing accuracies. Permanent records
are also produced in the photo recording equipment to enable complete
analysis of TV resolution and to provide permanent test records. An
array of chart recorders and digital printers provide permanent records
and time histories of selected analog and digital telemetry data.

Telemetry inputs are also provided to the reconditioner via
the Surveyor simulator J box and the umbilical connection. This function
provides a check of the SLRV/Surveyor telemetry interface.

Additional signals may be programmed through the umbilical
from the Surveyor simulator J box to simulate deployment commands.
QOutputs from the vehicle are interconnected to the display console via
test connectors which replace explosive devices.

I11/1 2-131



BSR 903

The SLRV DC power source is provided by using an electric
heater element which replaces the active RTG fuel cell. A power supply
in the test set provides the external power source. This approach is
based upon installation of the RTG minus fuel (or a simulated RTG) during
the factory build-up procedures of the SLRV and fueling it at the launch
site. The overall support problem through the prelaunch sequences is
complex in that it is necessary to keep the RTG from cooling down within
a predetermined number of cycles. In addition, the installation and
operation of the electric heater and the ultimate installation of the radio-
active fuel during prelaunch operations require that the RTG thermo-
couples remain in an inert atmosphere. An alternate approach is to provide
simulation of the RTG output characteristics in the test set power supply.
This simulation would be difficult and might provide test results that
would not correlate with actual RTG performance. A study of these support
problems must be completed in Phase II prior to making a final decision.

The interface with the SLRV TDM is provided through an
electromechanical test fixture. Control of the fixture mechanism is
originated at the TDM f{fixture control panel and readouts are displayed at
the control and monitor console. Simultaneous comparison of fixture
reference parameters with vehicle telemetry responses are available at
the display panel and subsequent analysis is provided through permanent
records on chart recorders.

The mobility test fixture (Figure 2. 16-5) consists of a basic
frame and mounting plates for each function of test. The basic frame
consists of two welded and aligned structures which clamp at each half
of the SLRV vehicle. The mobility test fixture is capable of checkout
and calibrating the following:

1. Traction drive mechanism

2. Odometer mechanism

3. Track pivoting capability

4. Structure turning capability

5. Command response,
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The structure steering capability test fixture consists of
two flat plates articulated to reassemble the movement of the vehicle.

The track driving mechanism fixture consist of a flat plate
on which is mounted four track assemblies similar to the SLRV tracks.
These tracks are located directly under each vehicle track and adjustable
to maintain a pre-determined pressure on each track to simulate the gra-
vity environment experienced on the lunar surface. Each test track is
pivoted about the center drive wheel which is coupled to a magnetic brake.
This center pivot of the test track maintains an equal load distribution on
the vehicle track.

The calibration of the odometer reading is accomplished by
a similar method, using a smaller test track.

The command response and pivoting checkouts are accom-
plished by the test console readout, and manual operation.

The penetrometer test is accomplished by probing a known
soil sample. This test requires that the vehicle and handling frame be
mounted on a stand above a pre-tested soil sample. The penetrometer
is then operated by command from the test set, and recordings noted.

Stimulation of the TV sensor is provided through use of
illuminated TV targets and test patterns. System performance is evalu-
ated via comparison of photo recordings of the telemetered data with
standard patterns and grey scales. Calibration and alignment of the TV
pointing accuracies and fields of view are accomplished through a system
of optical instrumentation.

The sun sensor is stimulated by a collimated light source
located at a precise point external to the vehicle. The complete calibra-
tion, alignment, and acceptance test is accomplished by the optical in-
strumentation and rotating tilt table. Reference attitudes established by
the optical system are compared to telemetered information.

Performance of the RF ranging equipment of the SLRV is
evaluated by use of a special purpose transponder desinged to simulate
a range of distances. The RF signals are fed to and from the SLRV
through hardwire connections or through an antenna link. Switching in
the RF panel allows measurement of RF power, frequency, and spectrum.

2-134 111/ 1




BSR 903

A complete self-verification capability is provided in the
equipment group to enhance the confidence and reliability of the test
results. The RF self-~test unit in conjunction with command decoders
and PCM simulators allows closure of the test equipment interface loops
for a complete checkout of the GSE operation. In addition, the self-test
equipment will be designed to provide fault isolation of the test system to
replaceable drawer levels t{o increase maintainability and availability.

Preliminary configurations of the equipment required to im-
plement the SLRV functional test group are illustrated in Figure 2.16-6.
The electronic equipment has been functionally subdivided for housing in
five console enclosures.

1. Test control and monitor console
2. SLRYV interface console

3. Data processing console

4. Recorder console

5. Self test console.

Preliminary investigations show that many of the SLRV test
functions are similar or duplicate those required for Surveyor test and
checkout. Since the Surveyor equipment has been designed and fabricated,
it requires only duplication. Other SLRV test functions duplicate those
being considered for SLRV GOE to be installed at SFOF. Identical equip-
ments will be used for both purposes where possible.

Present planning is to extend the design of the functional test
group to the point of sophistication wherein test data can be recorded, com-
piled, and used in computer programs to implement failure trend analysis
during the life of the SLRV. Test data accumulated throughout the factory
and prelaunch sequences will be correlated with mission recorded data to
complete the time history. It is possible, through these analyses, that
predictions of pending failures can be made and degraded mission sequences
initiated to prolong the equipment life. Studies during Phase II in con-
junction with GSE, reliability, and maintainability engineers as well as
with the SLRV and GOE designers will be undertaken to implement this
program.
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Pre-ILaunch Checkout Equipment Group

The prelaunch checkout equipment group provides items of
functional test and monitor equipment necessary to support activities after
integration of the SLRV with the Surveyor Spacecraft and up until the
time of launch.

Presumably test interfaces will not be available to the SLRV
itself after the vehicle has been integrated with Surveyor. All command
and monitor functions required for SLRV checkout will consequently be
processed through the Surveyor/SLRV umbilical connections, and the
GSE interface will be strictly between Surveyor equipments. A minimum
amount of control and monitor equipment will be required to supplement
the Surveyor System test equipment assembly for integrated system tests.

Duplicate supplementary monitor and control equipment will
be provided for integration with SLOT for launch pad checkout. This
equipment will interface with the SLRV blockhouse monitor console which
will be used during countdown procedures to monitor SLRV condition.

Support of integration sequences at AMR will require the use
of a squib tester for checkout of pyrotechnics prior to installation in the
SLRYV deployment mechanism. It is expected that this tester is available
and need not be duplicated.

Final disposition of the method for handling the RTG will de -
termine the ultimate GSE requirements in this area. The suggested
approach requires that a test set be available for checkout of the RTG
fuel cell on receipt of the unit at the launch site and prior to installation.
It is visualized that this unit probably will be a thermal measuring device:
possibly a standard RTG thermocouple unit. The fuel cell would be placed
in the test set and output voltage and current measurements would verify
the thermal output of the radio active fuel.

SLRV Alignment and Calibration Equipment Group

This group of equipment includes a weight, balance, and
cg test stand, a rotating tilt table, and a system of optical instruments.
These equipments are required for supporting critical alignment adjust-
ments and measurements and for performing calibration procedures which
are necessary to supplement mission navigational techniques.
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The navigational concept for the SLRV System required pre -
cise knowledge of the relative angles between the inclinometer, the sun
sensor, and the TV camera. Some difficulty is foreseen in retaining the
required accuracies between these sensors because of structural bending
and misalignments as the vehicle traverses various terrains. The basic
SLRYV structural design will reduce these problems to a minimum. How-
ever, final alignments and calibration procedures must be performed
under precisely controlled conditions to enable compilation of actual
vehicle performance data. The transformation of data taken under earth
gravity forces to predicted conditions of lunar gravity is of major con-
sequence. The equipment concepts described below will be used to
accommodate as much of the calibration as possible in an earth environ-
ment; however, a complete study of this problem will be undertaken during
Phase II. It is possible that the only feasible solution may result in re-
quiring a complete navigation calibration procedure performed during
initial checkout of the SLRV after deployment on the lunar surface.

The calibration and alignment equipment (Figure 2.16-7) can
align and calibrate the following SLRV sensors via optic measurements:

1. TV camera
2. Inclinometer
3. Solar aspect sensor

4. Antenna.

The fixture is comprised of the surface plate capable of optical
alignment to represent the common data reference point of all the calibra-
ting of the above equipment. Attached to this plate is a rotating and tilting
table. The SLRV vehicle with attaching handling frame is mounted to a
base plate on adjustable machined surface blocks; accurate alignment of
the vehicle is performed optically using sensitive equipment collimeters
and targets. This equipment is mounted on seismic isolated blocks at
the three true position points and beamed in at the targets mounted on
the equipment to assure the absolute straight reference line.

The base plate housing the vehicle is adjusted mechanically
so that the vertical center line of the camera is mounted above the center
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line of a rotating table and again aligned optically, using a target or
bench mark on the camera housing. True position and readout can be
accurately ascertained by positioning the lens to 0° on both elevation and
azimuth planes. By rotating and tilting the table to any determined angle,
comparison of readout by the test set equipment can readily assure the
pointing accuracies of the camera. Lens focusing accuracy is checked
out by placement of a TV test pattern at a fixed distance from the camera
when the camera is locked in at 0° position:

The inclinometer test procedure is performed similarly to the
camera checkout with the basic set-up of alignment. Comparisons of
known pitch and roll attitudes of the tilt table are made with the telemeter-
ed inclinometer readouts.

With the vehicle aligned to a true horizontal 0° position and
the vertical center line of the sun sensor mounted to the center line of
the table, a pentaprism is located on the sun sensor. By sighting from
the collimeter through the pentaprism a sun simulator can be located
above the sun sensor and fixed in a permanent position. Then by rotating
and tilting the table, the readout from the test set can determine the
accuracy of azimuth and zenith planes of the sun sensors.

The antenna checkout procedure is similar to the other align-
ments, again mounting the vertical center of the antenna about the center
line of the table, fixing true horizontal and azimuth at 0° position, and
moving the table in position required for test. Keeping the bore sight of
the antenna aligned optically and commanding the antenna gimballing
system as the reference table is turned and tilted provides a measure of
antenna pointing capability.

SLRV Transportation, Shipping, and Handling Equipment

This group of equipment provides the capability for basic
handling, shipping, and transportation of the SLRV and its subsystems.
In accordance with the operational profile described previously, the
SLRYV will be shipped as a complete system except for installation of the
RTG power supply fuel.
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Special purpose shipping containers may be required which can
supply power to the RTG electric heater element to keep it warm, and in
addition, provide air conditioning to cool the complete SLRV.

Shipment of the RTG fuel imposes a similar problem of heat
removal as well as that of shielding the radio activity. It is expected
that shipping devices and handling methods for this will be completely
handled by the AEC.

Special purpose handling equipment will be required to avoid
damage to critical thermal surfaces and to flexible structural members
during movement within a test area, assembly, or installation into ship-
ping containers or on the Surveyor Bus. This handling equipment will use
attachment points designed into the SLRV structure which will provide the
required strength for support under the earth environment. These points
will also be used as the reference for the SLRV/Surveyor interface so
that master tooling can be made to control and check the mechanical fits.
A basic SLRV support frame will be provided as handling equipment.

This support frame attaches directly to the SLRV structure to provide
rigidity. The frame is designed to pivot at the same centers of articu-
lating SLRV bodies; however, a rigid cross member provides support to
prevent sag at the joint. This basic frame remains with the SLRV from
initial assembly to the time of installation on the Surveyor Spacecraft.
All other handling, shipping, and transportation equipment as well as
special test fixtures will attach to the basic support frame rather than
to the SLRV structure.

Service Equipment Group

The Service Equipment Group includes equipment primarily
required for support of the RTG power supply subsystem.

A standby power supply will be required to provide power to
the electric heater at all times when the unit is not under test. In addition,
a cooling system will be required continuously to remove heat from the
SLRV. At present, a forced air system with a capacity of about 100 cfm
is visualized as adequate, however, it may be necessary to use pre-cooled
air.
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Installation or replacement of the heater element in the RTG,
whether it be the electric heater or the actual fuel cell, requires evacu-
ation of the air and insertion of an inert atmosphere. A vacuum pump
and the inert gas pressurization equipment are consequently provided as
part of the service equipment package.

2.16.2.2 GSE for Surveyor Modification

Several items of support equipment are required to support
modification and equipments added to Surveyor; these are discussed in the
following paragraphs.

SLRV/Surveyor Umbilical Function Test Set

This test set will simulate basic functions of the SLRV to
provide a checkout of the Surveyor umbilical connections. A PCM
telemetry signal will be provided to stimulate the Surveyor processor.
Monitoring of the results will be accomplished by the Surveyor System test
equipment assembly. The command functions crossing the umbilical
will be decoded in the test set and displayed for the correct indication.
Other umbilical functions will similarly be checked out by the test set
prior to mating of the two systems.

Deployment Mechanism Test Fixture

The deployment mechanism consists primarily of structural
members which mate with the SLRV attachment points. The test fixture,
consequently, will be made up of components made from master tooling.
The fixture will be capable of checking the Surveyor attachment interface
as installed on the spacecraft. In addition, the fixture will include SLRV
envelope dimensions so that clearances and deployment procedure can
be verified.

Transponder Test Set

The transponder test set includes a signal generator for check-
out of the receiving components of the transponder and frequency and
power measuring equipment for transmitter tests. Accurate measure-~
ments of the phase delays in the translator will be made in the test set
to result in range calibration information. Hardwire connections to the
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input connections must be used to control the calibration procedure; how -
ever, facilities will be provided to allow a go/no—go checkout of the
transponder system via an antenna link.

Final calibration of the RF ranging system would be accom-
plished during SLRV/Surveyor integration tests. A calibrated attenuator
would be placed between the respective equipment diplexers and zero
range measurements performed via SLRV telemetry signals.

Shipping Containers

Shipping containers will be provided for all Surveyor modifi-
cation components. At present it appears that there are no special re-
quirements other than protection from normal transportation handling
shock and vibration.

The final requirement for surveyor modification support
facilities has not been precisely determined at this time. It is possible,
for example, that some (or all) of the components required for Surveyor
modification will be specified by the SLRV contractor and fabricated by
Hughes Aircraft Corporation. In this case, disposition of the GSE package
would have to be resolved during the Phase Il development program.

2.16.2.3 GSE for the Ground Operating Equipment

The GSE required for supporting the GOE to be installed at
DSIF and SFOF facilities includes a functional test group, an SLRV simu-
lator and transportation, handling, and shipping equipment.

The functional test group is used during initial installation and
checkout of the GOE and as necessary for maintenance during operational
use. It is presently contemplated that the GOE will include a complete
self test capability; consequently, the major portion of the functional test
group is expected to be standard laboratory instrumentation. Some
special purpose simulators and interface junction boxes may be required
for complete fault isolation and calibration. Diagnostic programs design-
ed to checkout functionally the operation of the computational elements
will also be provided. Complete analysis of the maintenance problems
will be completed during Phase II to result in specific recommendations
for GSE functions. For example, a complete array of individual drawer
testers may be an ultimate requirement.
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The SLRV simulator is visualized as a device to be used for
final GOE acceptance demonstrations as well as for operator training
exercises. This simulator would be an actual vehicle similar to the
SLRV but scaled and modified to operate in the earth's gravity environ-
ment. The final necessity and desirability of this simulator should be
considered during logistic studies in Phase II.

Shipping containers for the GOE components will be designed
to meet standard ground and handling environmental conditions. No unique
requirements for these items are contemplated.

2.16.3 Recommendations for GSE Implementation

The preceding discussion provides a preliminary basis for im-
plementing the GSE system. Phase II expansion of this plan should be
approached jointly by the SLRV contractor and JPL to provide a logical
step-by-step analysis of the complete support problem. This approach
will result in the most economical and realistic utilization of standard
shelf items and inventoried special purpose items in conjunction with
items requiring new development. As an example, several items required
for Surveyor support are similar to those needed in the SLRV Program.
These items could possibly be bailed to the SLRV contractor as GFE or
duplication could be initiated with a minimum of redesign effort.

As in all programs, the definition and implementation of the GSE
lags behind the operational equipment. Early recognition of the require-
ments and a joint effort between the customer and the contractor will help
to prevent GSE scheduling problems.
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SECTION 3

PERFORMANCE CHARACTERISTICS AND LIMITATIONS

Table 3.1-1summarizes eachkeySLRV performance characteristic
and limitation. Substantiation of this information is contained in Volume III,

Book 2, for both the analytical and experimental items except for the ETM;
this information is covered in Volume V.
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TABLE 3.1-1

KEY SLRV PERFORMANCE CHARACTERISTICS

Function Requirement Capability
General
SLRV Systerm Weight 100 1b 100 1b
SLRV Configuration HAC 239503 Feasible
SLRV Stowed cg HAC 239503 Conforms
Mobility
Speed, MPH 0.16 0. 16
Steps, Climbing CM 30 42
. . 22 Soft soil
Slopes, Climbing Degrees 15 41 Hard soil
Bearing Strength Gradient psi/ft| 1.0 1.0
Crevice Crossing CM 30 29.2
Telecommunications
Power (for 210' DSIF) 2 watts 2 watts
Bit Rate
Normal Bits/sec 122, 800 122, 800
Emergency Bits/sec 960 960
Error Rate
Normal Max Acceptable 103 Under 10_3
Emergency Max Acceptable 10_3 Under 10_3
Antenna
Omnidirectional Coverage Hemispherical 243°
Directional (Gain) 17 db 17 db
Scientific
Protuberances and Depression
detection CM +25 +19
Slopes Degrees 8
fvsz fvs 2
ing S
Bearing Strength 8 psi to 50 crr> C) psi to 50 cm
Prime Power
Day Operate OK
Night Survival OK
Navigation

Azimuth Error
Range Error (Interpoint)

Range Error (Intrapoint)

Deployment

Mission Life

Marking

43 Arc- Minutes
1. 3%
0. 7%

15° slope with
10-cm obstacle

105 Days

Mark Site

2
35 Arc-Minutes

0.7% 3
2% 4

1

SLRV communication link direct to DSIF

Except for brief period around lunar midday

3 Capability when within line of sight with Surveyor

4 Can be improved when RF ranging is used.

/1

o P , [




